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dtti 
for S. S. WHITE 
FLEXIBLE SHAFTS 

in the Radio and Electronics Field 

Look over the list below. It includes both power drive 
and remote control applications. It may suggest pos- 
sible uses for S. S. WHITE Flexible Shafts in your 
equipment. 
Remember that S. S. WHITE offers a wide selection 
(both as to size and physical characteristics) of shafts 
designed specifically for power drives. 
Also a broad range of shafts designed expressly for 
remote control. 
Remember also that the use of simple gearing greatly 
enlarges the scope of each class of shafts. With gear- 
ing the torque capacity of each size of shaft can be 
increased to any reasonable amount, and in the case 
of remote controls, any desired degree of sensitivity 
can be obtained. 
If you have a power drive or remote control problem, 
let our engineers help you work it out. No obligation. 
Send us the details -today. 

The S. S. WHITE Dental Mfg. Co. 
INDUSTRIAL DIVISION 

10 East 40th St., Room 2310E, New York, N. Y. 

Partial List of S. S. WHITE Flexible Shaft Applications 
in the RADIO and ELECTRONICS Fields 

REMOTE CONTROL SHAFTS COUPLING SHAFTS 

Auto Radios 

Aircraft Radio Receivers and Transmitters 

Broadcast Transmitters 

Variable Frequency Crystal Holders 

Radio Telephone Equipment 

Aircraft Direction Finder 

Aircraft Antenna Control 

Electrical Instruments 

Broadcast Transmitter 

Auto Radio Receivers 

Auto Radio Antennas 

Portable Track Recorder 

Auto Radio Control Panels 

FLEXIBLE SHAFTS for POWER DRIVES, REMOTE CONTROLS and COUPLINGS 
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MALLORY 
The Consistently Good 

Vibrator 
LOOK first to Mallory in your search for a consistently 
good vibrator to use in your 1937 receiver -and you 
need look no further ! Mallory Vibrators offer important 
improvements in stability and constancy of perform- 
ance ... their unvarying excellence and uniformity are 
assured by: 

LONG PRODUCTION EXPERIENCE in building 
present designs. 

Selective assembly of materials; original precision ma- 
chinery and methods that are a revelation to all who 
see them; intelligent workers, all keenly aware that 
this business demands accuracy: 

LONG INSPECTION EXPERIENCE in assuring 
uniform high quality of present designs. 

Continuous and minute attention to the multitude of 
routine details that enter into the manufacture of 
precision products. 

PROVEN DESIGNS that yield a life beyond even 
the most generous estimates of last season. 

Almost complete elimination of contact -point erosion - 
yet the maintenance of high contact -point pressures - assuring continuity of starting and operation through- 
out life of vibrator. Ability to handle more power per 
cubic inch than any other vibrator. 

Write for production -built samples. They will convince 
you that your search for a consistently good vibrator 
is ended. 

P. R. MALLORY 8 CO-Inc. 

ALLOR 
VIBRATORS 

P. R. MALLORY & CO., Inc., Indianapolis, Indiana 
CABLE ADDRESS - PELMALLO 
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MALLORY Type 600 VIBRATOR - Dynamically Balanced - 



We take our time so you can hurry 

MASS PRODUCTION, 

Manufacturers of Seam- 
less and Lockseam Ca- 
thode Sleeves and Fine 
Seamless Tubing in small 
sizes. 

Sales Quo tas, Night Shifts -They all sound good 

to us because they are criterions of an activity 

that means more business for Superior. But 

we own up to little use for such terms here. 

Rather, we have the time, the equipment and 

the personnel to give more heed to tolerances 

than to speed. These are virtues which manu- 

facturers of high -fidelity instruments will ap- 

preciate when ordering tubing for fast -moving, 

straight -line production. 

SUPERIOR TUBE 
NORRISTOWN 
25 MILES FROM PHILADELPHIA 

1 

COMPANY 
PENNSYLVANIA 

100 MILES FROM NEW YORK 
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ENGINEERS DESIGNERS EXPERIMENTERS 

at new Low Prices 

fIve Superior Phototube Types to 

cover diversified circuit requirements 

Made of the finest materials, carefully manu- 

factured and held to rigid limits, RCA 
Phototubes are noteworthy for their Faithful 
Reproduction, Low Microphonic Response, 

Excellent Spectral Characteristics, Uniform- 

ity and Stability. RCA Phototubes due to 

their high sensitivity to red and infra -red 

radiations are particularly suitable for use 

with incandescent lamplight sources. 

5 TYPES TO CHOOSE FROM 

RCA -868 
The standard gaseous type, for sound -on -film applica- 

tion. Max. anode volts, 90; sensitivity at 1000 cps., 50 

microamperes per lumen at light -source color tempera- 
ture of 2870 °K. New Price $3.70. 

RCA -917 -A high vaccum type particularly suited to applica- 

tions where the use of a high resistance load is desirable for maxi- 

mum sensitivity and to light measuring devices where stability and 

permanence of calibration are essential. The anode connection is 

made to a top -cap to provide high resistance to leakage currents 
between electrodes. Max. anode volts, 500; sensitivity, 
20 microamperes per lumen. New Price $4.75. 

RCA -918 
Similar to RCA -868 except sensitivity is considerably 
higher. Sensitivity at 1000 cps. is 102 microamperes 
per lumen. New Price $4.50. 

ff RCA presents the Metropolitan Opera every Saturday afternoon. And "Magic 
1 Key of RCA" every Sunday, 2 to 3 P. M., E. S. T. Both on NBC Blue Network."' etwork. I I 

RCA -919 
Similar to 917 except that the 919 has 

a top -cap Cathode connection which 

permits its use with the 917 in balanced 

circuits to give very small leakage cur- 

rent and high voltage sensitivity. New 

Price $4.75. 

RCA -920 -A gaseous type, twin phototube for 

push -pull applications, particularly those using 

double- sound -track motion -picture films. Max. anode 
volts, 90; sensitivity at 1000 cps., 70 microamperes 
per lumen. New Price $5.25. 

For complete information on RCA.-Phototubes, write 

to Commercial Engineering Section, Harrison, N. J. 

If your supplier cannot take care of your require- 
ments, write to Sales Department, Camden. 

RCA MANUFACTURING CO., INC., CAMDEN, N. J. A Service of the Radio Corporation of America 



TYPE 
3100 

(Large Base) 

Look to yisi3cLEy 
All -Wave Switches 

* For Extreme Flexibility to 
meet all circuit requirements 

* For Unusual Economy by use 
of broad standard parts stock 

MOST of your switch applications can be supplied by Yaxley 
Standard Switches. Large inventories of all parts for these switches 
assure you low cost and prompt deliveries. 

RL Switches 

The standard for all switches. 
Time proven and unexcelled for 
long satisfactory service. 

RM Switches 

Same standard of quality as 
RL Switches; 19/16" diameter; 
more flexible in circuit combina- 
tions than other switches; right 
torque characteristics for your 
requirements. 

3100 Types 
Single sections; 11 /4" diameter, single 
pole single throw to four pole triple 
throw combinations; 111 /16" diam- 
eter, single pole single throw to six 
pole triple throw combinations. Com- 
pletely enclosed; positive indexing. 

3300 to 3900 Types 
'Twenty -two standard constructions 
for small chassis wave change, tap 
switch and tone control applications. 
Same high quality as larger Yaxley 
switches. 

All Yaxley switches possess definite advantages: ease of operation, proper 
starting torque, positive smooth indexing action, low capacity, low uniform 
contact resistance, contacts heavily silver- plated by exclusive Yaxley method. 
AC switch combinations available where needed. 

Put your switch problems up to the Yaxley Division of Mallory. Send your 
circuit diagram, or schematic, and switch dimensions. 

P. R. MALLORY & CO., Inc., Indianapolis, Indiana 
CABLE ADDRESS - PELMALLO 

MALLORY pocLzy 
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TALKING BOOKS . . . Ten thou- 
sand talking books for the blind have 
been constructed with government 
funds, according to an announcement 
by Mr. M. C. Migel, president of the 
American Foundation for the Blind. 
These machines are radio -phonographs 
playing discs, but especially made to 
bring to the blind the many manuscripts 
now translated into wax records. The 
records are available from libraries act- 
ing as distributing agencies for the 
Library of Congress. They are trans- 
ported by mail free of charge. 

I. QUESTION . . . Numerous sub- 
scribers to Electronics have requested 
that means be provided for keeping up 
to date their Reference Sheet file 
without the necessity of tearing the 
monthly sheets from the magazine. The 
circulation department of Electronics 
wishes to know how many subscribers 
would be willing to pay $1 per year to 
get unbound copies of Reference Sheets 
once a year. If a sufficient subscrip- 
tion list for this service can be pro- 
cured to bring down the cost to the 
above figure, the service will be insti- 
tuted. Address, H. C. Henderson or 
the Editor. 

TICKER TALK . .. The news ticker 
reports that Dr. Frank B. Jewett, presi- 
dent of the Bell Telephone Labora- 
tories declared at FCC hearings that 
he was very skeptical about television 
as a commercial thing. 

AT &T completes co -axial cable be- 
tween New York City and Philadel- 
phia, tests circuit preparatory to ac- 
tual service. Will it be wide enough 
for good television? It will use crys- 
tal filters to separate many voice 
channels. 

Marconi states in trans -ocean broad- 
cast to Mr. Sarnoff, "We shall soon see 
each other by television." Local news- 
papers state that Senatore Marconi 
was cruising in his yacht Electra. Pho- 
tographs from abroad, however, show 
telephone men stringing up wires from 

KEITH HENNEY 
Editor 

Crosstalk 
the yacht, near shore, to a landed 
station. 

American Institute of Chemical En- 
gineers in session in Baltimore rec- 
ommend a Federal court of patent ap- 
peals and that scientific advisers be 
provided for patent courts. 

Science Service discovers the fact 
that Drs. Einstein and Bucky had 
taken out patent No. 2,058,562 on a 
photoelectric device which automat- 
ically controls camera expose by mov- 
ing in front of the lens a screen of 
varying transparency. Numerous pat- 
ents have been granted on automatic 
schemes to control exposure, but none 
have come to successful commercial- 
ization. The trouble is the lack of 
energy in the beam of light to operate 
the control device. 

HUNCH . Application of the re- 
versed feedback principle to r -f ampli- 
fiers was made in the very early days 
of radio but it was done on an un- 
scientific basis. Lately there has been 
much interest in the Black circuits 
which apply degeneration to audio and 
carrier frequency amplifiers to reduce 
noise, decrease distortion and improve 
stability. What is needed is an excess 
of voltage gain. Now present day r -f 
and i -f amplifiers are not operated near 
full gain. Is it not possible that nega- 
tive feedback can be applied to radio 
receivers in these stages where stabil- 
ity, freedom from noise and other ad- 
vantages accruing from degeneration 
are not to be sneezed at? 

SUPERSONICS . . . Interest in 
ultra -high audio frequencies prompts 
many inquiries for a bibliography on 
the subject. Readers are referred to a 
publication by Professor R. W. Wood 
and Alfred R. Loomis, in The Philos- 
ophy Magazine, (7) 4, p 417 -436, 1927. 
Here is described work with a fre- 
quency of 300,000 cycles and at consid- 
erable voltage which was applied to a 
quartz crystal immersed in oil. Many 

physical and biological effects are 
described. 

Some work is being done at present 
in the use of medium high frequency 
(3,000 cycles or so) currents as an 
anaesthetic but nothing appears to be 

available for publication. 

USELESS . American Institute 
of Physics meeting at the Hotel Penn- 
sylvania in New York recently heard 
philanthropists and physicists alike 
berated for impractical aims, for "bril- 
liantly useless" projects. Millions of 

dollars for 200 -inch telescopes to look 
into the sky at night attracted the ire 
of one industrialist who pointed out 
that almost nothing was being spent 
on research on the basic problem of 
human shelter. 

TEN LONG YEARS AGO ... About 
this time there was much squabbling 
about "bloopers." For the youngsters 
in the art, these were radiating receiv- 
ers, mostly single tube regenerators 
which created havoc in the ether by not 
only receiving signals but by transmit- 
ting them as well. 

Now it seems that there is some dan- 
ger of blooperitis again. Some of the 
under -twenty dollar radios have the os- 
cillator directly and rather closely 
coupled to the antenna. One of these 
put a neat 70 millivolts into an antenna 
and its wobbling signals could be heard 
a good mile. Imagine one of these beau- 
ties in a congested apartment house. 

MR. AYLESWORTH SAYS ... "Tele- 
vision cannot be stopped, no more than 
we can stop progress. The motion 
picture stands today in regard to tele- 
vision in much the same position as 
the ice manufacturers who fought au- 
tomatic refrigeration and the railroads 
who opposed interstate bus invasion. 
Both would now be in enviable posi- 
tions if they had had the foresight to 
aid and encourage and cooperate with 
the new developments in their fields." 
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Philco Shows 441 -Line Television 
First public showing of new "high- fidelity" system in Philadelphia reveals use of 4.5 Mc. 

side -bands, made possible by a new method of modulation. Contrast between 345 -line and 

441 -line images demonstrated by adjusting band -width 

WHEN the RMA Committee on 
Television testified before the 

FCC last June it recommended that 
the standard television image for 
the United States consist of 441 
lines, be sent 30 times per second, 
and consume a signal sideband 2.5 
Mc. wide. It was agreed that these 
recommendations looked to the fu- 
ture, since the best demonstrated 
images at the time consisted of 343 
or 345 lines and were sent on a 1.5 
Mc. sideband. The change from a 
343 -line image to a 441 -line image 
was not in itself difficult; in fact 
the main difference was the fre- 
quency of the line- synchronizing 
generator, which needed only to be 
changed from about 10,000 cps to 
13,000 cps. But to utilize a 441 -line 
pattern to the fullest extent, each 
line in the image should contain 29 
per cent more picture elements than 
are required for a 343 -line picture. 
This increase in number of lines 
and picture elements gives a total 
increase of 65 per cent in the re- 
quired band -width, that is, from 1.5 
Mc. to 2.5 Mc. To effect this in- 
crease in band -width was not easy, 
since it involved circuits already 
loaded to the limit. In particular 
the problems of modulating a trans- 
mitter over this range and of accept- 
ing the side -bands at the receiver 
seemed to stand in the way. 

Now, less than a year later, prog- 
ress in both directions has been re- 
ported by the engineers of the Philco 
television department, who demon- 
strated 441 -line high definition pic- 
tures to nearly 200 members of the 
newspaper and technical press on 
February 11, at the Germantown 
Cricket Club in Philadelphia. Ac- 
cording to the announcement of 
A. F. Murray, Philco's chief televi- 
sion engineer, the highest modula- 
tion frequency used in the system 
was 4.5 Mc., which is nearly twice 
as great as that recommended by 
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the RMA for a 441 -line picture. This 
enormous increase in band -width 
means that the pictures demon- 
strated were capable of furnishing 
over 680 picture elements per line, 
whereas only 588 elements are 
needed to create a horizontal defi- 
nition equal to the vertical definition 
of 441 elements. From this point 
of view, the system lays claim to 
the term "high- fidelity." 

The extremely wide range of mod- 
ulation at the transmitter is made 
possible by the use of a new system, 
developed by Mr. Parker of the 
Philco engineering staff, which is 
described as being neither grid nor 
plate modulation. Details of the 
new modulator, which is basic to 
the whole system, are not yet avail- 
able pending issuance of patents. 
The transmitting antenna has a 
measured response without appreci- 
able attenuation over a range of 
nearly 5 Mc.; the carrier frequency 
is chosen so that one side -band of 
the signal coincides with this range 
and hence is not attenuated. 

At the receiver quasi- single -side- 
band reception is used. The head - 
end circuits are carefully "de- tuned" 
so that the i -f band -pass region is 
centered over the unattenuated side - 
band. The i -f circuits are of excep- 
tional wide response : the over -all 
band -width response of the receiver 
is 4.5 Mc. at 70 per cent of peak 
response. Such a wide band is 
passed, of course, only at the ex- 
pense of very low gains per i -f stage. 
The entire receiver contains only 26 
tubes, however. 

The receivers, of which six were 
used in the demonstration, are fitted 
with 12 -inch cathode -ray tubes, pro- 
ducing pictures about 7.5 by 10 
inches in size. The screen mate- 
rial, a compound of zinc sulphide 
and other fluorescent materials, pro- 
duces a black- and -white image tinged 
slightly with blue. 

The transmitter operated on 49 
Mc. with a peak power output of 4 
kilowatts, giving a transmitter range 
of about 10 miles from an antenna 
210 feet above street level. Conven- 
tional two -to -one interlaced scanning 
covering the field 60 times per sec- 
ond was used, in accordance with 
the proposed RMA standards. 

Contrast Between 345- and 441 -line 
Images Shown 

The program of the demonstra- 
tion included a variety of pick -ups 
from the studio, from the roof of the 
Philco plant, and from motion pic- 
ture film. Included in the live talent 
was Boake Carter, radio commenta- 
tor, who interviewed Connie Mack, 
manager of the Philadelphia Ath- 
letics, on the prospects of the forth- 
coming baseball season. Also was 
staged a fashion show, put on by 
Bonwit Teller and carefully designed 
for the delectation of hard -boiled 
newspaper men; this feature empha- 
sized the commercial possibilities of 
the new medium. Of principle tech- 
nical interest, however, was a test 
conducted at the beginning of the 
demonstration for the purpose of 
contrasting 345 -line with 441 -line 
definition in the images. The change- 
over was accomplished by varying 
the band -width of the transmitted 
signal, so that while the basic pat- 
tern contained 441 -lines in both 
cases, the detail present in each line 
could be changed from that of a 345 - 
line image to that of the full 441 - 
line definition. A convincing test of 
the relative definition in the two 
cases was made with an ordinary 
pocket watch, so placed before the 
camera that its reproduction at the 
receiver was about life -size. With 
definition equivalent to 345 lines the 
second -hand of the watch could not 
be discerned, but with the 441 -line 
definition it was clearly visible and 
could be followed readily. 
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60- megacycle Teletypewriter 
Bureau of Air Commerce operates 40 -mile, Washington to Baltimore circuit with antennas 
800 feet below line -of sight, demonstrating efficiency of the ultra short waves in giving 
static -free communication 

MORE than $50,000,000 have 
already been spent by the 

Government to provide an airways 
system to aid in navigation of air- 
craft to and from various points 
throughout the United States. By 
far the larger proportion of these 
funds has been expended in provid- 
ing a communications service to 
permit gathering and dissemination 
of weather information. This com- 
munications service comprises ap- 
proximately 23,000 miles and con- 
sists about equally of point -to -point 
radio and land -line teletype circuits. 
The cost of leasing the teletype cir- 
cuits alone now amounts to some- 
what over $382,000 per year. Two 
years ago this cost was 30 per cent 
more. In an effort to reduce costs 
further, development was started 
approximately two years ago on the 
operation of the teletypewriter by 
means of radio circuits. For over 
a year and a half a circuit has op- 
erated between Washington, D. C., 
and Baltimore, Maryland, on a 24 
hour per day basis, and today the 
only thing that prevents a service 
installation between Washington, 
D. C., and Nashville, Tenn., is the 
allocation of suitable frequencies by 
the Federal Communications Com- 
mission. 

Simply stated, a radio circuit has 
been substituted for land wires and 

By REX MARTIN 
Assistant Director of Air Commerce 

Washington, D. C. 

the record of performance has 
proved to be more perfect in auto- 
matic transmission than it has been 
possible to obtain through the use 
of land lines. A large amount of 
the traffic over the Bureau of Air 
Commerce system originates at va- 
rious weather observing stations 
along the airways, and is handled 
manually at speeds in the neighbor- 
hood of 30 to 35 words per minute. 
Increasing the speed capability of 
the system, in itself would be of 
little value, since manual operation 
of the teletypewriters limits the use- 
ful speed to that given above, and 
only the automatically transmitted 
traffic originating at terminals would 
be benefited. An increase in the 
number of separate channels, how- 
ever, would be of advantage, but very 
expensive. 

The ultra -high frequencies (above 
30 megacycles) were previously 
found particularly well -suited for 
communication over relatively short 
distances, within line -of- sight, pri- 
marily due to their freedom from 
high noise levels and absence of the 
reflected sky wave. However, over a 
year's operation of the Washington - 
Baltimore radio teletypewriter cir- 
cuit at these frequencies has indi- 

cated that reliable performance may 
be obtained over distances consider- 
ably below line -of- sight, using fre- 
quencies as high as 80 megacycles. 

The distance between the Wash- 
ington and Baltimore stations is 40 
miles airline, placing the antennas 
approximately 800 feet below line -of- 
sight. Horizontally polarized trans- 
mitting and receiving antenna ar- 
rays are located atop 125 -foot steel 
towers at each point. The frequen- 
cies in use at Washington and Balti- 
more are 61 and 65 megacycles, 
respectively. 

The transmitters are crystal con- 
trolled and capable of delivering 100 
watts, modulated 100 per cent. The 
crystal is a low temperature coeffi- 
cient quartz plate at 4062.5 kc. The 
fourth harmonic is taken directly 
from the oscillator and drives a 
doubler stage. The 32.5 Mc. output 
of the doubler is then amplified and 
again doubled in another stage to 
65 Mc. This is followed by one in- 
termediate amplifier at the final fre- 
quency the output of which is used 
to excite a push pull power amplifier. 
A conventional class B modulator is 
used to modulate the power ampli- 
fier. Separate mercury vapor rec- 
tifiers are used for the radio and 
audio frequency stages. Power is 
supplied to the apparatus at 110 volts 
60 cycles single phase. 

MD-PASS CONSTANT RECTIFIER FOR AUTO REPEAT, AUDIO INPUT FILTER LEVEL A.F. PHASE 11 
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The receivers are of the crystal 
controlled superheterodyne type, em- 
ploying one stage of r -f amplifica- 
tion, with two concentric line prese- 
lection circuits and inductive coup- 
ling to the transmission line. The 
crystal controlled beating oscillator 
utilizes a 10.191 Mc. crystal, the third 
harmonic of which is doubled. The 
output of the doubler is then used 
to beat with the incoming signal in 
the frequency conversion stage. Two 
stages of i -f amplification at approxi- 
mately 4,000 kc. are employed. The 
i -f amplifier has a band width of 
about 60 kc. A double diode triode 
tube is used as a diode second de- 
tector, first a -f amplifier and auto- 
matic gain control. Resistance - 
capacity coupling is employed be- 
tween the first and second audio 
amplifiers. The output of the re- 
ceiver is transformer -coupled to a 
600 ohm line. 

The terminal equipment comprises 
a two -section a -f filter having a band 
width of approximately 120 cycles, 
the output of which is fed into a 
constant level amplifier or automatic 
gain control, which is capable of 
keeping the output level constant 
within 2.5 db. for variations of in- 
put of the order of 40 db. The sig- 
nal from this amplifier is then rec- 
tified in a double diode tube, whose 
rectified output feeds a d -c phase in- 
verter, producing plus or minus d -c 

pulses at its output, in accordance 
with the teletypewriter signals. 
These pulses trigger two gas dis- 
charge triodes, which in turn oper- 
ate the printer magnet. Standard 
start -stop teletype printers are used, 
capable of operating at 60 words per 
minute. The equipment is designed 
for essentially unattended operation, 
and no adjustments of either trans- 
mitting or receiving equipment need 
be made for periods extending over 
several months. 
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The circuit at present operates on 
a single channel basis, but provi- 
sion is made for future addition of 
several other teletypewriter chan- 
nels as well as a voice channel for 
simultaneous communication to air- 
craft. Further provisions have been 
made in the test equipment to simu- 
late a three station circuit with one 
automatic repeater station, by trans- 
mitting from Washington to Balti- 
more, automatically regenerating 
the signal and repeating it back to 
Washington. 

The Washington -Baltimore radio 
teletypewriter circuit was first dem- 
onstrated on October 1st, 1936, to 
the members of the Radio Technical 
Committee for Aeronautics, although 
it has been in continuous operation 
experimentally for over one year and 
has proved to be very reliable. So 
successful has this circuit been that 
the Bureau of Air Commerce, upon 
assignment of frequencies, will pro- 
ceed with the establishment of a 
multi -channel ultra -high frequency 
circuit on the Washington -Nashville 
airway. A voice channel for corn - 
munication from ground to aircraft, 
and three 60 -word per minute tele- 
typewriter channels are to be pro- 
vided, any or all of which can be 
used simultaneously. Each teletype- 
writer channel will operate in a man- 
ner similar to the land line circuits, 

i.e., traffic can originate at either 
terminal or any intermediate station 
on the airway, and all stations will 
receive copies of the message. 

As has been previously mentioned, 
the Federal Communications Com- 
mission is considering the allocation 
of frequencies which will be involved 
in the operation of radio printers. 
This is in the frequency band be- 
tween 30 and 200 megacycles. There 
is, of course, a great demand for 
these frequencies both by industry 
and by Government. When one con- 
siders that radio channels is the one 
remaining national resource, it be- 
comes apparent that careful consid- 
eration should be given to allotments. 

Possibilities in u-h -f Operation 

In recent months a wider recogni- 
tion has been achieved of the diffi- 
culties encountered from static. It 
has become generally apparent that 
radio range operation has been con- 
sistently reliable, but that receiving 
ability is limited under certain static 
conditions. Operation of the radio 
teletypewriter circuit between Balti- 
more and Washington on ultra -high 
frequencies has been uniformly ex- 
cellent, and static which would block 
out an ordinary receiver has had no 
appreciable effect on transmission on 
this frequency band. It, therefore, 
seems possible that a radio receiver 
can be developed using the ultra- 
high frequencies which will not be 
affected by static. Nothing of a defi- 
nite character is known at the pres- 
ent which would permit me to make 
the statement that this is true, but 
sufficient experimental work has been 
done to indicate that the possibilities 
for success along this line are very 
great. 

Block diagrams of electrical circuits, at left. 
Antennas and typewriter, below 
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A Condenser Tracking Test Set 

In any but the simplest receivers, accurate tuning over the band, or bands, is predicated 
upon the near -exact similarity of capacity of the gang tuning condenser sections 

By JOSEPH L. ROEMISCH, 
Western Electric Company, Inc., Kearny Plant, Engineering Department, Radio and Instrument Shop 

RACTICALLY every radio re- 
ceiver manufactured today uses 

the multiple or "gang" type tuning 
condenser in which it is necessary 
that the capacity of some of the sec- 
tions be as nearly equal to each 
other throughout the arc of rota- 
tion as is possible. The percentage 
variation in "tracking" that is per- 
missible is generally determined by 
the application. There are many 
cases that require extremely close 
tolerances throughout the range of 
a 250 p,p.f condenser. An attempt to 
purchase condensers from regular 
suppliers soon made it apparent that 
tolerances desired were too close for 
the equipment they had available and 
that all condensers would have to be 
carefully checked and readjusted be- 
fore assembly into receivers. Any 
equipment that would be suitable for 
the condenser tracking operation on 
a production basis would have to 
meet the following requirements: 

1. It must be capable of permit- 
ting tracking to within 0.05 p.p,f and 
must give an automatic indication, 
without any action on the part of 
the operator, if the difference in ca- 
pacity varied by more than 0.01 p.p,f. 

2. The automatic indication must 
be both visual and aural and must 
give an indication of the magnitude 
of the difference. 

3. The equipment should also be 
capable of determining the capacity 
of the condenser up to a maximum of 
350 p.p,f and to within an accuracy of 
.1 p.p.f without reference to an ex- 
ternal standard. 

4. It should be a -c operated, capa- 
ble of continuous 24 -hour service 
without danger of erratic behavior 
or failure, and must completely pro- 
tect the operator from any voltages 
that might cause shock while in 
normal use. 
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The test set built consists essen- 
tially of two stable, shielded, elec- 
tron- coupled oscillators of identical 
electrical constants, each feeding re- 
sistance coupled screen grid buffer 
amplifiers whose output is fed into 
a co- planar grid mixer tube. The 
output of this mixer tube is trans- 
former coupled to a type 56 tube used 
as an audio amplifier, and again 
transformer coupled to a 2A5 pen- 
tode power tube which feeds into a 
loud speaker. The output of the 
2A5 is also" fed into a low pass 1000 
cycle cut -off filter which is used in 
conjunction with a type 56 tube and 
a Weston model 301 microammeter 
as a visual indicating system. The 
whole equipment is mounted in a 
standard 36" steel cabinet designed 
for mounting on standard size 19" 
relay rack panels, and provided with 
a hinged door in the rear. 

Winding consists 
of 70turns No.26 
B.E.C. tapped at 
22 turn from 
ground end. 

. a mx v .hx "m Nh a w as 

Fig. 1Details of coil forni 

The most important and only criti- 
cal unit in this apparatus is the dual 
oscillator and mixer unit. Both of 
the oscillators have been shielded in 
a very thorough manner. Any at- 
tempt to eliminate some of this 
shielding will result in difficulties 
when an attempt is made to balance 
the two inductances L1 or when the 
two oscillators are at zero beat, 
which is the condition under which 
both of these oscillators are operat- 
ing when the condensers being 
tracked are perfectly adjusted. In 
addition, when the covers of both 
shields are replaced after balancing 
coils L1, the set may be unbalanced 
unless the two coils are adequately 
shielded. The location of the two 
oscillators is important and should 
be placed as shown so that the leads 
which go from the "hot" end of L3 

to the stators of Cl and C. be spaced 
at least 6 inches apart so as to pre- 
vent a tendency for the oscillators to 
interlock near zero beat. 

Each oscillator unit is identical. 
It consists of a bakelite base plate 
equipped with 4 small General Radio 
plugs, sometimes referred to as "ban- 
ana plugs," an aluminum shield 
which contains Li and plugs into an 
identical mounting base plate as the 
one above, and a shielded type 57 
oscillator tube. Attached to the 
coil assembly is the grid leak and 
condenser assembly equipped with 
flexible lead and grid cap contact 
clip. The vacant base plate above 
the coil assembly is provided for 
use with the balancing condenser 
unit C3. This unit may be observed 
as the identical aluminum shielded 
objects with knobs shown in Fig. 2 
resting on top of each oscillator 
shield. These units are required 
only to balance the two coils L. and 
to check them from day to day if the 
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utmost accuracy must be maintained. 
Each of the two balancing units 

consists simply of a 250 µµf mica 
condenser in parallel with a 50 p.µf 

variable air condenser. Care must 
be exercised in selecting the mica 
condensers for these units as any 
considerable difference in capacity 
will make them useless. Select two 
mica condensers exactly equal or 
within 5 µuf of each other as deter - 
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mined by exact bridge measure- 
ments. Ordinary mica condensers of 
the low voltage, molded bakelite type 
of reputable make are satisfactory, 
provided they are carefully matched. 
A word of caution :-do not choose 
condensers by their markings as 
many instances have been found 
where these markings have been in 
error by as much as 50% and rarely 
less than 5 %. The type of shield 

Fig. 2- Details of apparatus. In 
shielded compartments (covers re- 

moved) are the two oscillators 

can, contacts or contact bases is not 
important as long as they are identi- 
cal to permit interchanging the two 
units and are made of a good in- 
sulating material. Provision must 
be made to permit adjustment of the 
50 µµf condenser while the unit is 
plugged into its base plate. 

A comprehensive idea of the con- 
struction of the two oscillator coil 
units L, may be obtained by refer- 
ring to the half -section view in Fig. 
1. This coil is wound on an XL 
bakelite coil form, 21" long and has 
four jack type contacts to fit the 
contacts of the base plate. The as- 
sembly in Fig. 1 is used to vary the 
inductance of either unit so as to 
equal the other by changing the dis- 
tance between the end of the wind- 
ing and the brass plate. When the 
plate is made to approach the wind- 
ing, the inductance of L, will de- 
crease. The actual construction of 
this coil unit may be varied some- 
what but it must be remembered 
that all parts must be made so that 
the two coils are identical and inter- 
changeable. 

Associated with the two oscillator 
circuits are two sets of variable con- 
densers C, and C. which are used to 
compensate for basic differences in 
condensers to be tracked due to lack 
of trimmers, etc., to determine the 
extent of capacity differences, and to 
determine the value of any capacity 
up to 350 µµf. Condensers C, are 
Hammarlund type MC2OS with one 
stator plate removed and the rotor 
bent so as to produce a capacity va- 
riation from minimum to maximum 
of 10 µµf which will then result in 
decimal sub -multiples that can easily 
be calculated when a 100 division 
National type N vernier dial is 
used to operate this condenser. 
Normally both condensers C, are set 
to 50 degrees on the dial and are 
only used to determine the extent of 
very small capacity variations and 
their direction. 
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Fig. 3 -Audio and visual indicator circuits of the condenser tester 

Condensers C2 are precision con- 
densers, type 149 -L, manufactured by 
the Radio Engineering Laboratories. 
These condensers are very sturdily 
built, are well insulated with Isolan- 
tite, and maintain their calibration 
to within any readable limit of the 
dial over indefinite periods. The 
change in capacity of this condenser 
is approximately 320 µµf which rep- 
resents the useful range for check- 
ing unknown capacities. This con- 
denser is driven by a variable ratio 
National vernier dial, type NW, 
having 100 main divisions and read- 
able to sub -divisions of one -tenth, 
thus making it possible to accur- 
ately read values to within 0.3 µµf 
with an accuracy of -!- 0.1 µµf. All 
four of these condensers are en- 
closed in a partitioned aluminum 
box. The top of the box is drilled 
and tapped with a series of holes to 
permit the fasténing of jigs or fix- 
tures to the top. It is absolutely nec- 
essary to have total shielding between 
the two halves of the box to permit 
the proper functioning of this equip- 
ment. Two test leads are also fixed 
to the top of this box and should 
be spaced at least 12 inches and 
should be as thoroughly shielded as 
possible. Any flexible No. 18 wire 
over 1" in diameter with rubber or 
other high grade of insulation and 
covered with a tight fitting flexible 
copper braid will be satisfactory. 
The braid should be securely bonded 
to the box. Carelessness in the ob- 
servance of these precautions will 
seriously affect the performance due 
to interlocking of the oscillators. In 
the event that it is desired to deter- 
mine the value of capacities greater 
than 350 µµf, condensers C2 may be 
replaced by some other type having 
a change in capacity equal to the 

14 

desired value. In selecting a con- 
denser, care should be exercised to 
choose a type having large rugged 
bearings, preferably of the cone 
type, sturdy construction and good 
insulation. 

Buffer Amplifier and Mixer Tube 

To assure complete isolation be- 
tween the two oscillators, it is ad- 
visable to place a screen grid tube 
such as the RCA type 58 as an un- 
tuned r -f amplifier between each 
oscillator and the mixer tube. Noth- 
ing about the buffer circuit is crit- 
ical except that it is well to use 
parallel feed to the plates through a 
3.5 millihenry low distributed ca- 
pacity choke such as the National 
type R -100. This choke is desig- 
nated L. in Fig. 4. Very low 
values of screen and plate voltages 
are applied to this tube as well as 
to the oscillator tube to keep the 
signal applied to the grids of the 
mixer tube within 15 volts. The 
purpose of the buffer amplifier is 
primarily to isolate and not to am- 
plify to any great extent. 

The mixer tube consists of an 
Arcturus Wunderlich co- planar grid 
tube operating with a few volts bias. 
The exact value is not important or 
critical. This tube lends itself pe- 
culiarly to a circuit of this type 
where both signal voltages are es- 
sentially equal and because it has a 
fairly low plate impedance that will 
satisfactorily work into an ordinary 
interstage coupling transformer. 

Amplifier Cut -Off Filter and 
Visual Indicator Circuits 

Considerable output of the first 
audio stage (56) has been sacri- 
ficed by the resistor voltage divider 

network across the secondary of the 
1st audio transformer, which would 
tempt one to eliminate this circuit. 
If suitable precautions are taken, 
it is possible to operate this equip- 
ment with the mixer tube feeding 
directly into the grid of the 2A5 but 
the results may not be satisfactory 
and it is likely that trouble due to 
r -f blocking of the 2A5 may result. 
The transformer Ti aids consider- 
ably in preventing any r.f. from 
getting into the grid of the 56 and 
2A5. Ordinary class A amplifier 
considerations govern the operation 
of both the 56 and 2A5 amplifier 
tubes. The output of the power am- 
plifier tube is fed simultaneously to 
a loud speaker, head phone jack and 
low pass 1000 cycle cut -off filter 
with its associated visual indicator. 
For average work, the visual indi- 
cator may be eliminated as well as 
the filter. To obtain the full bene- 
fits of this equipment, however, it 
is well worth while to include this 
unit. This filter unit should be 
readily removable so that another 
filter having a cut -off point corre- 
sponding to a definite percentage 
capacity variation expressed in terms 
of frequency may be substituted. 
This will relieve the operator of 
all checking operations such as mov- 
ing the limit dials and calculating 
the capacity difference, because a 
certain capacity variation will cause 
the visual indicator to instantly 
show this variation to the operator. 
For accurate production testing of 
gang condensers, this feature is in- 
valuable. The components of the 
low pass filter are not critical and 
any good reactor may be substituted 
for the Western Electric 117 -B re- 
tard coil, provided it has an induct- 
ance of 0.8 henries. 

The power supply is an entirely 
orthodox multi- section filter having 
a low ripple content. Any type of 
apparatus may be used provided it 
delivers from 250 to 300 volts at 75 
ma. continuously without heating. 

Adjustment and Operation 

There is only one simple adjust- 
ment necessary in order to always 
maintain the absolute accuracy of 
this equipment and that consists in 
balancing the inductances L1 so that 
they are exactly equal to each other. 
The balancing operation is very sim- 
ple and is as follows: 

a. Remove the shield covers from 
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both oscillator compartments and 
set both limit condensers C, at 50 
on the dial. 

b. Rotate both large dials so that 
the condensers C2 are at minimum 
capacity and adjust either dial so 
that both oscillators are zero beat 
as indicated by the loud speaker and 
visual indicator. 

c. Plug the balancing condenser 
units into their respective base con- 
tacts in each oscillator and adjust 
the balancing unit variable con- 
denser so that the zero beat condi- 
tion is restored. Then interchange 
the two balancing units, taking care 
not to change the setting. If the 
inductances L1 are greatly out of 
balance, the beat frequency may be 
so great as to be inaudible in which 
case it will be necessary to adjust 
either of the condensers C2 until 
zero beat is again restored. While 
adjusting C2, it must be noted 
whether the capacity was either in- 
creased or decreased so as to restore 
zero beat. If the capacity had to 
be increased, then it follows that L, 
associated with that condenser is 
lower in value than the other induct- 
ance. This means then, that L1 

must be increased and is accomp- 
lished by turning the adjusting shaft 
of L1 in a counter -clockwise direc- 
tion. If it developed that C, had to 
be decreased, then the inductance 
of the associated L1 is too large. 

d. After the inductance has been 
adjusted, repeat steps b and c until 
there is absolutely no change in the 
zero beat condition when the bal- 
ancing condenser units are inter- 
changed. The equipment is then 
ready for use. 

To measure capacities without ref- 
erence to a standard variable con- 
denser, it will be necessary to accur- 
ately calibrate either, and prefer- 
ably both, condensers C2 so as to 
permit checking one against the 
other. Both limit condensers C1 

must be accurately calibrated. This 
calibration should be performed on 
a capacity bridge having a suitable 
degree of known accuracy. Before 
performing the calibration, it will 
be necessary to remove both induct- 
ances L1. It is also best to set both 
limit dials of condensers C1 at ex- 
actly 50 divisions before calibrating 
condensers C2. 

After the condensers have been 
suitably calibrated and the induct- 
ances L1 have been properly balanced, 
this equipment may be used to meas- 
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ure capacities in accordance with the 
following procedure : 

a. Set both dials of C1 at exactly 
50 and rotate both dials of C2 so 
that the capacity change will be con- 
siderably in excess of the estimated 
value of the unknown capacitor and 
adjust both of C2 to zero beat. It is 
advisable to adjust one of the two 
dials at a point which corresponds to 
an even figure on the calibration 
chart. Note the capacity at this 
point. 

b. Connect the unknown capacitor 
to the leads of the C2 that you have 
chosen to use as the standard and 
back off the capacity until zero beat 
again exists. Read the correspond- 
ing capacity value from the chart 

be tested in this type of equipment. 
The use of this equipment in 

tracking condensers is very simple 
and consists in merely connecting 
one section, usually the one without 
a trimmer to one lead and the adja- 
cent section to the other lead, set- 
ting the dials of C1 at 50 and adjust- 
ing both dials of C2 so that zero beat 
exists with both of these condensers 
set near minimum capacity and with 
the condenser to be tracked also at 
minimum. The condenser being 
tracked is then rotated slowly to 
maximum capacity. If both sections 
are obsolutely "in track" then the 
zero beat condition will continue but 
if any variation greater than 0.005 
1,4,f exists, a beat note will be heard 
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Fig. 4- Schematic of beat frequency oscillators, detector, etc. 

and deduct from the original value 
noted in paragraph a. This differ- 
ence is then the exact value of the 
unknown capacitor. It is apparent 
that the degree of accuracy is lim- 
ited to the accuracy of the dial read- 
ing and the accuracy of the original 
calibration. These limitations must 
always be borne in mind. Another 
precaution is to always remember 
that the capacitor being checked is 
being placed across an oscillator cir- 
cuit and if the dielectric is faulty 
or has high loss then the oscillator 
will cease oscillating. For this rea- 
son, only air dielectric, mica and 
good paper dielectric condensers can 

and the visual indicator will show a 
reading. By adjusting the dial of 
C1 used in conjunction with the sec- 
tion being tracked to restore zero 
beat, the exact difference will be de- 
termined. The necessary adjust- 
ment may then be made to the con- 
denser, the dial returned to 50 and 
the operation continued until the 
section is satisfactorily adjusted 
throughout its arc of rotation. The 
operations are then repeated on each 
section. By proper choice of the 
cut off point of the low pass filter, 
it will not be necessary to use the 
dials of C1 thereby speeding up the 
adjustment operation considerably. 
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Movable Anode Tubes 
New members of the vacuum tube family in which the control of the anode current is 
effected by changing the position of the anode with respect to the other tube elements 

By E. D. McARTHUR 
Vacuum Tube Engineering Department 

General Electric Company 
Schenectady, N. Y. 

WE ARE so accustomed to 
thinking of high- vacuum 

tubes as voltage- operated devices 
that only rarely is any consideration 
given to other methods of changing 
the plate current. 

It is well known that, in a high - 
vacuum tube, space charge limits 
the current flow between parallel 
plane electrodes to a value given by 
the following equation: 

Fig. l- Construction of tube in 
which anode current is controlled 

by mechanical motion 
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i = 2.335 X 10-° V 3X; amperes 
when V is the potential difference, 
X is the electrode spacing in centi- 
meters and A is the area of one elec- 
trode in square centimeters. Any 
one of these three terms may be 
used to vary the maximum value of 
current flow independently of the 
others. 

Recently, some tubes have been 
built to study the possibilities af- 
forded by varying the value of A, 
the anode area. These tubes prom- 
ise to be very valuable tools for 
measurement purposes. The tube is 
so constructed that the anode may 
be moved with respect to the cathode 
from outside the tube. The tube is 
of the all -metal type.' The outer 
shell is seamless steel tubing 4 
inches long and about 1.5 inches in 
diameter. The ends are closed by 
punching steel headers welded to the 
shell. One of these headers has a 
large hole in the center which is 
covered by a thin flexible iron dia- 
phragm. The anode is a rectangular 
box open on one edge and carried on 
a heavy steel rod projecting through 
the flexible diaphragm. 

The anode may be moved with re- 
spect to the cathode by moving the 
external rod. The cathode is an in- 
directly heated rectangular box 
mounted so that the anode may be 
moved over it edgewise or completely 
withdrawn. The relative position of 
the cathode, anode and diaphragm 
is illustrated in Fig. 1. The electri- 
cal leads to the inside of the tube 
are made by sealing glass to the 
lead wires and to small fernico eye- 

lets welded to the header around the 
flexible diaphragm. Moving the ex- 
ternal arm in the direction of the 
arrows will make more or less anode 
area available for collecting the elec- 
tron emission. Since the anode area 
is directly proportional to the dis- 
placement of the anode arm and the 
plate current varies linearly with 
electrode area, the relation between 
plate current and displacement 
should also be linear if all other 
variables are held constant. This 
relation for one of the developmental 
tubes is shown in Fig. 2. 

Over the straight position of the 

March 1937 - ELECTRONICS 



Experimental metal -envelope, 
movable -anode tube 

curve a motion of one mil (.001 in.) 
at a distance of 1.0 inch from the 
end of the tube will produce a 
change in plate current of about 7.0 

milliamperes. The curvature at the 
bottom of the characteristic (Fig. 2) 
is due to stray currents from the 
cathode to the anode and may be 
reduced by internal shielding. 

The tube operates with a maxi- 
mum of 100 volts d.c. on the anode 
and will permit a maximum dis- 
placement of the anode arm of 0.05 
inch at a distance of 1.0 inch from 
the end of the tube. The filament 
rating is 4.0 amperes and 2.5 volts. 
The torque required to move the 
anode varies somewhat from tube to 
tube but the average is 0.2 inch - 
ounces. The power supply may be 
alternating current as well as direct 
although in this case the current 
sensitivity will be reduced in the 
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ratio of 1.0 to r. 
This device suggests many poten- 

tial possibilities. Tubes can be 
built which will have deflection 
characteristics other than linear. 
This can be accomplished by an ap- 
propriate choice of electrode shapes. 
The only limitation on power capac- 
ity and sensitivity is permissible 
size. It is apparent that the sensi- 
tivity and total current change can 
be increased at will by using longer 
cathodes and anodes and by using 
higher voltages. 

This tube may be used in many 
applications which require the trans- 
formation of a small mechanical mo- 
tion into a proportional electrical 
signal voltage. For example, it 
might be used as a seismograph, 
extensometer, microphone, thickness 
recorder or regulator, pressure in- 
dicator, phonograph reproducer, 
thermo -regulator, and in many other 
ways. 

Some simple tests were made with 
the tube having the characteristics 
shown in Fig. 2 where the movable 
anode tube was used to supply power 
to the d -c winding of a saturable 
reactor. A total motion of about .05 
inch was sufficient to change the 
a-c power through the reactor from 

nearly zero to the full rating of 
about 1.0 kva. 

Applications which involve the 
use of this type of tube as an elec- 
tric micrometer gauge use the tube 
as one arm of a resistance bridge. 
Since the tube resistance changes 
with voltage, it is advisable to use 
another vacuum tube having similar 
characteristics in the opposite arm 
of the bridge. This precaution 
makes the device much less sensitive 
to line voltage variation. For pre- 
cise work it will be found necessary 
to provide a fairly constant source 
of voltage for the bridge. These 
factors are determined, of course, 
by the accuracy required. With a 
well designed bridge of this type it 
is possible to measure 0.01 mil 
(0.00001 inch) without the use of 
high sensitivity milliammeters. 

These suggested applications illus- 
trate the wide variety of uses to 
which this newest member of the 
vacuum tube family may be put. 
To date these tubes have only been 
built in developmental form. There- 
fore, no standardized type is as yet 
available or on the market. 

1 "All Metal Vacuum Tubes ", O. W. Pike 
and G. F. Metcalf. Electronics, Vol. 7, No. 
10, October, 1934. 
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The Strobotron-Il 
Practical use of this new cold- cathode tube, described in the February issue, depends on 
a knowledge of the grid voltages and currents required to start the gas- discharge. Herewith 
are the starting characteristics 

HE strobotron, developed prin- 
cipally by Germeshausen,' has 

been applied by Germeshausen and 
Edgerton' in a number of circuits, 
the best -known of which is the 
"Strobotac " -a small stroboscope 
manufactured by the General Radio 
Company for use as a tachometer. 
Here the tube is used as an instan- 
taneous light source. In combina- 
tion with a simple pool -type mer- 
cury arc, the strobotron may be used 
as a controlled arc rectifier capable 
of handling hundreds of amperes. 
An example of such an application 
for the accurate control of a stand- 
ard small power resistance welder 
has been described by Gray and Not- 
tingham.' Since there are many 
other possible uses of the strobo- 
tron, it seems worth while to pre- 
sent a fairly comprehensive discus- 
sion of its starting characteristics. 

The strobotron is a gas -filled 
(neon) tube with a caesium -coated 
cold cathode. The two grids serve 
as auxiliary electrodes for starting 
purposes and for electrostatic shields. 
Throughout the discussion below, 
all potentials will be referred to the 
cathode as zero unless otherwise 
specified. The discharge is initiated 
by starting a glow between two ele- 
ments. For example, if the plate is 
300 volts positive, and the inner grid 
(g,) is zero, a discharge from cath- 
ode to plate may be created by 
raising the outer grid (g2) poten- 
tial to about +100 volts. This starts 
a glow between grids with the inner 
one as a "momentary cathode," fol- 
lowing which, a discharge develops 
from cathode to anode if the glow 
between grids is sufficiently intense. 
With the same plate potential (300 
volts positive) a discharge may also 
result if the outer grid (g2) is made 
about 110 volts negative, in which 
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case a glow first starts between the 
two grids with the outer one as the 
"momentary cathode." In either of 
the above cases the current carried 
by the glow discharge between the 
grids must exceed a certain magni- 
tude in order to form a true plasma 
and give rise to a complete break- 
down from the cathode to the anode. 

These characteristics of the strob- 
otron are summarized by Table I 
and Fig. 2. The information pre- 
sented in Table I can best be under- 
stood by the graphical representa- 
tion of Fig. 2. In this figure the 

O1 91 91 c 

Anode 

IOuter 
grid (a graphhy ring) 

Inner grid (nickel gauze) 
Ceramic insu /afar 
Cathode (cup containing 

cderium compound) 

Fig. 1- Diagram showing relation 
of strobotron elements 

outer -grid (g2) potential referred to 
the cathode as zero is plotted as the 
abscissa, and the inner -grid poten- 
tial as the ordinate. The six solid 
lines of this figure may be placed 
independent of anode potential, while 
the location of the dashed line de- 
pends upon anode voltage. The 
area inside the figure represents the 
range of outer- and inner -grid po- 
tentials for which the strobotron will 
remain nonconducting. The boun- 
dary line defines critical values of 
potential for which a discharge will 
develop. 

In order to clarify the connection 
between Table I and Fig. 2, let us 
consider in detail the conditions rep- 
resented along each line of the fig- 
ure. Along the line a -b, which is 
drawn at an angle of 45 degrees 
with the horizontal, the outer grid 
(g2) is everywhere positive a con- 
stant amount with respect to the 
inner grid (g,). A point located 
just to the left of line a -b corre- 
sponds to a potential less than that 
required to initiate a glow discharge 
between these grids. If we attempt 
to set the actual potentials of the 
grids to correspond to a point on the 
right of line a -b, then a glow dis- 
charge will start and the current 
carried by this discharge will be- 
come very large unless limited by 
resistances in the associated circuit. 
In case the resistance in this circuit 
is so high that the grid current has 
too small a value (a milliampere or 
or less, depending on the anode -to- 
cathode voltage as shown by Fig. 5), 
a complete breakdown may not take 
place. This point will be expanded 
in discussing Fig. 6. 

At the intersection of lines a -b 
and b -c of Fig. 2 the process of initi- 
ating the discharge changes from 
that of a glow between grids to a 
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glow between the cathode and the 
outer grid (g2). The critical poten- 
tial for this process is v20 =175 volts. 

TABLE I 

Approximate Initial Glow Potentials 

Critical 
Potential Expected 

Positive Negative Diff. Variations 
Electrode Electrode Desig. Volts in Volts 

g2 g1 521 96 +15 -5 
g 

1Anode g 2 

V 12 

v ,2 
100 
500 

+50 -30 
+50 -100 

Cathode g 1 v,1 130 +15 -10 
g i Cathode a 175 +25 -15 
g i Cathode a i 130 +10 -10 

Cathode g 2 V e2 200 +40 -60 
Anode g 1 v ,1 600 +50 -40 

If the circuit is properly arranged 
it is possible to instigate a complete 
breakdown with the minimum of con- 
trol -grid current (approximately 2 x 
10-° amp) by crossing the line b -c 

near the point c. Further details 
are given below. 

The line c -d is the boundary de- 
termined by the critical potential 
v1, - 130 volts with the initial glow 
forming between the inner grid (g1) 

and the cathode. The diagonal d -e 

again represents the locus of points 
of constant difference in grid po- 
tential v,2 _ 110 volts, and for this 
the outer grid is the "momentary 
cathode." 

The construction involved in the 
location of the dashed line e -f is more 
complicated. This corresponds to 
a breakdown between the outer grid 
(g2) as "momentary cathode" and 
the anode. For a particular value 
of anode potential we locate the line 
by subtracting the critical glow po- 

Fig. 3- Experimentally de- 
termined firing loop on a 

typical strobotron, Va =320 
volts 

tential V2 = 500 volts from the 
anode potential (V.). In symbols 
we have 

V,2 = V2 

Thus if Va is 325 volts and V. is 
500 volts, we have V2 = -175 volts. 
Since Vat is a constant of the tube, 
we see that V2 or the location of the 
dashed line e -f will shift linearly 
with the anode voltage. 

An analogous equation, namely, 
V. -17.i = Vi, may have to be used 
to locate the lower boundary of the 
region of nonconduction when an 
anode voltage V, greater than the 

I 1 1 I 

-200 -100 -160 -140-12 

Outer grid(%) 
negative 

or 

critical voltage difference (V...- 
Vi) is used with strobotrons which 
happen to have critical potentials 
such that Vat -4- V.> V,1. 

Figure 3 represents an experi- 
mental determination of the "char- 
acteristic loop" for a particular 
strobotron, showing how corners are 
rounded off and that the observed 
diagonal lines are not strictly 45- 
degree lines, but deviate very 
slightly. These minor differences 
from the idealized diagram of Fig. 2 

are unimportant. 
In the following paragraphs on 

grid- current characteristics it will 
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Fig. 2- Characteristic loop 
100 of strobotron firing, with 

Va = 325 volts. Region of 
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be shown that as the potential differ- 
ence between two elements of the 
tube is increased, the current flow is 
very small (about 10' amperes or 
less) until the critical potential dif- 
ference is reached. A complete 
characteristic shows that oscillations 
begin at this point and the average 
potential drop between elements de- 
creases. The potentials recorded in 
Table I and Fig. 2 show the critical 
values in volts which must be ex- 
ceeded in order to initiate the dis- 
charge. It is important to realize 
that these values do not represent 
the actual potential across the two 
elements which is observed after the 
glow has been started and its inten- 
sity increased enough to cause a 
complete breakdown in the tube. In 
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I ig. 4 -Circuits for determining grid current, (left) in outer grid and 
(right) in inner grid 

terms of the discussion to follow, 
the critical potentials of Table I cor- 
respond to the point B of Fig. 6. 

Grid -Current Characteristics 

The grid- current characteristic of 
a strobotron is difficult to determine 
with accuracy, since the current is 
not a strictly reproducible function 
of the voltage. This must be ex- 
pected, since cold- emission effects 
are undoubtedly dependent on the 
surface conditions on the electrodes, 
and these change as a result of the 
ion bombardment taking place each 
time the tube is "fired." These 
changes alter the critical voltage by 
only one or two volts in most cases. 
The problem of observing the grid - 
current characteristic just before 
the tube is fired is difficult, since 
over certain ranges of current the 
glow discharge is inherently not 
stable and oscillations result which 
cannot be eliminated no matter how 
high the resistance in the external 
circuit. Because of these complica- 
tions the important end results are 
presented in Table II and no attempt 
has been made to prepare detailed 
curves showing the grid current as a 
function of the voltage over the en- 
tire range. Two of the circuits used 
for studying the grid currents at the 
moment of "firing" are shown in 
Fig. 4. The circuit illustrated at 
the left was used to determine the 
grid current and potential required 
to cause a complete breakdown in 
the tube when the outer grid (g2) 
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was made positive or negative. The 
grid current thus obtained was found 
to be a function of the anode poten- 
tial and is shown in Fig. 5. The 
true grid voltages were found by 
measuring the meter voltage V2 and 
subtracting from that the IR drop 
through resistance R2. 

Table II should be very useful in 
connection with the design of cir- 
cuits using strobotrons, since it is 
essential to consider the grid cur- 
rent which must be supplied in order 
to accomplish a complete breakdown 
between the cathode and the anode. 
Fortunately it is not necessary to 
deliver the current for more than a 
few microseconds, and the use of a 
condenser which may be charged by 
a small current often makes perfectly 

4 
10x10 

4 

3 

o 

satisfactory operation possible. 
One of the important features of 

the double -grid strobotron is that it 
can be used so advantageously in 
circuits for which the simultaneous 
action of two different potentials 
is required for operation. This prop- 
erty was utilized by Gray and Not- 
tingham' in the welder control by 
putting a 60 -cycle peaked wave on 
the inner grid and a contact control 
on the outer grid. For all such ap- 
plications the boundary shown in 
Fig. 2 must be crossed somewhere 
on the 45- degree lines, i.e., either 
a -b or d -e. The grid- current data 
presented in Table II show that 
smaller currents are required for 
crossing a -b than for crossing d -e, 
and furthermore we have found that 
boundary line a -b is definitely more 
reproducible than the d -e boundary. 

TABLE II 
Minimum * Glow Current in Amperes 

For Strobotron Breakdown 

Boundry 
Crossing 125 

Anode Voltage 
300 400 

Current 
in 

a-b 104 1.5x10-5 10-5 g 1 or g a 
b-c** 10-s 5x10' 2x10-' g 3 

c-d 5x10-3 6x10-' 4x10-' g , 
d-e 7x10-3 3x10-' 1.2x10-' g , or g 
e f 5x10-7 6x10-' 5x10-' g s 

f-a 5x10-' 1.5x10-' 3x10-' g, 

* In all cases the condenser method of " firing " 
permits operation with a control current less than 
10.7 ampere. 

** These data for trigger method of operation 
with 20,000 ohms or less in the inner -grid (g i) 
circuit. 

This is brought out by the column of 
"expected variations" in Table I. 

Before discussing the other details 
of Table II, it will be necessary to 
consider certain facts brought out by 
the determination of the current 
flowing between adjacent elements 
as a function of the voltage between 
them. For example, the inner grid 
(g,) and the cathode were connected 
together while the outer grid (g2) 
and the anode were connected and 
made positive with respect to the 
other two elements. The current ob- 
served to flow is shown in Fig. 6. 

Fig. 5- Average grid current at 
firing, for crossing loop at a -b 

(see Fig. 2). 

100 200 300 
Anode Potential in Volts 

400 
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Starting at very low voltages, the 
currents are small (less than a mi- 
croampere) and increase very grad- 
ually over the range AB. At B os- 
cillations set in, resulting in a defi- 
nite decrease in the average value 
of the potential drop over the tube, 
while the average value of the cur- 
rent increases. A plot of the aver- 
age curve would lead one to think 
that the characteristic curve should 
have been stabilized by the resist- 
ance R used in the circuit, but the 
fact that different "average" curves 
were obtained for different resist- 
ances showed at once that oscillations 
were present and these were ob- 
served with a cathode -ray tube. As 
the current was increased, the oscil- 
lation ceased and a more or less reg- 
ular curve was obtained. Curves of 
this kind were determined for each 
pair of elements. Since these cur - 
rent-vs- voltage curves were taken 
under conditions which clearly did 
not represent typical operating con- 
ditions, it was considered worth 
while to compare the observed cur- 
rents and voltages at the time of 
"firing" with those of the two ele- 
ment characteristics. For example, 
with 150 volts on the anode and 
with the inner grid (g,) at zero, the 
grid current in the g2 circuit at the 
instant of complete discharge was 
observed to be 4.5 x 10-* amperes, 
and the corresponding voltage was 
78 volts. This point is shown by a 
circle next to the curve of Fig. 6. 

In order to initiate a discharge 
between any two elements the point 
of maximum voltage, point B of Fig. 
6, must first be exceeded. It is for 
this reason that the critical poten- 
tials presented in Table I correspond 
to this point and not to the actual 
grid potential impressed on the grid 
at the instant of "firing." If a line 
is drawn through the point B with 
a slope of -1 /R, where R is the re- 
sistance in the grid circuit, the inter- 
section of this line with the current - 
voltage curve will give the current 
and voltage immediately after the 
glow discharge to this grid is initi- 
ated, as shown by point C of Fig. 6. 
In case this current is less than that 
required to cause a complete dis- 
charge between the cathode and 
anode, the tube does not become fully 
conducting. 

Let us redirect our attention to 
Table II, and notice in particular 
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that with the help of a small con- 
denser (.0005 to .01 p.fd.) connected 
between grid and cathode, or be- 
tween grids, depending on the type 
of circuit used, the large instantan- 
eous current required to complete 
the discharge can be furnished by 
the condenser, since in this case the 
"load- line" can be made so nearly 
vertical through the point "B" that 
its intersection with the grid -cur- 
rent characteristic curve is well be- 
yond the minimum current required 
to "fire" the strobotron. The maxi- 
mum current required from the con- 
trol circuit corresponds to that at 
point B, since the condenser is 
charged up by the control current 
between consecutive operations of 
the strobotron. 

Another way of operating a strob- 
otron with an exceedingly small cur- 
rent results from crossing the boun- 
dary b -c near the point c. The cur- 
rents demanded in the outer -grid 
circuit for this operation never ex- 
ceed 10' ampere and in many cases 
are nearer 10' ampere. The break- 
down here occurs as a two -stage 
process. When the potential of the 
inner grid is maintained only three 
or four volts less than the critical 
potential V,, - 130 volts, and the re- 
sistance in this circuit is less than 
20,000 ohms, it is easy to see that 
very little current will be required 
in the outer -grid circuit to initiate 
the glow by crossing the critical po- 
tential V2,. This crossing triggers 
off the glow between the inner grid 
and the cathode which in turn brings 
about the complete breakdown cath- 
ode to anode. Either the condenser 
method or the "trigger action" 
method of firing should be used 
whenever it is necessary to control 
a strobotron with a photoelectric 
cell or any other high -resistance low - 

current source. 
In designing circuits for strobo- 

tron use, it is important to visualize 
the characteristic loop shown in 
Figs. 2 and 3, and to remember that 
starting by crossing the line a -b 

can be accomplished with the least 
grid current when double grid con- 
trol is needed. The use of a small 
condenser to furnish the instanta- 
neous grid current is strongly recom- 
mended when the control current is 
very small. If only single grid con- 
trol is needed, then the "trigger" 
method should be used for small cur- 

rents in the control circuit. Since 
the initial currents used in the strob- 
otron are the result of field emis- 
sion, assisted in some cases by the 
minute room -temperature thermionic 
or photoelectric emission (assuming 
that the tube is not in the dark), 
the starting characteristics are not 
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Fig. 6- Current flow between grids 
as a function of potential difference 

as reproducible as one would like 
for operation on a narrow voltage 
margin. It is therefore necessary 
to provide for a considerably greater 
range of operating potentials than 
is required for the conventional hot - 
cathode type of grid -controlled gas - 
discharge tube. The advantage 
gained in having no "stand -by" 
power, an instantaneous peak cur- 
rent capacity of a hundred amperes 
or more, no heating period, and neg- 
ligible temperature effect, often more 
than compensates for the wider 
operating range for which provision 
must be made. 

1. Germeshausen, K. J. and Edgerton, H. E., 
Electrical Engineering Vol. 55, p. 790, 
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Electronic Self- Portraits 
By creating fluorescent images of themselves in a radial electron microscope, electrons emit- 
ted from wire filaments reveal the progress of activation in thoriated tungsten and other 
effects of interest. Photographs taken by Messrs. Johnson and Shockley at M.I.T. 

HE production of electron pic- 
tures, by recording the images 

produced by electron beams imping- 
ing on fluorescent materials, has be- 
come a highly valuable tool in many 
fields of scientific research. One of 
the latest applications of this tech- 
nique has been made by Dr. R. P. 
Johnson and Mr. W. Shockley, who 
reported in the Physical Reviews the 
use of a new and simple electron 
microscope to examine the emission 
of electrons from filaments. The re- 
sults, while of more scientific than 
engineering significance, are re- 
markable examples of how much can 
be learned about electron behavior 
by direct observation. 

The electron microscope tube used 
in obtaining the pictures is shown 
in the figure. It consists of an 
evacuated cylinder coated on the in- 
side surface with fluorescent wille- 
mite. This surface acts as the anode 
of the tube and is maintained at a 
positive potential of several thou- 
sand volts, applied to a wire helix 
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Left, diagram of typical microscope 
tube used in obtaining the electron 
pictures. Right, emission pattern 
obtained from raw tungsten wire 

at room temperature 

coiled inside the tube and resting 
against the coating. The filament 
under examination is suspended un- 
der spring tension along the axis 
of the tube. It forms the cathode 

of the tube; electrons emitted from 
it are attracted radially toward the 
anode coating, where they produce 
fluorescence whose brilliance de- 
pends on the number of electrons 
hitting per second and their velocity. 
The "pattern" formed on the fluor- 
escent surface is a magnified image 
of the electron emission at the sur- 
face of the filament. With a 5 -mil 
wire in a two -inch tube the magnifi- 
cation is about 400 times, with a 
resolution of about 1° horizontally 
and 0.2 mm. vertically. 

If a raw tungsten wire is placed 
in the tube and operated at room 
temperature, the pattern shows elec- 
tron emission in blotches, which 
Messrs. Johnson and Shockley at- 
tribute to field emission from rough 
spots on the filament surface. When 
the wire is heated to a dull red the 
splotches of fluorescence disappear, 
and as the temperature is increased, 
the thermionic type of emission 
comes into play. The emission pat- 
tern in this case is marked with 

Microphotographs of the surfaces of tungsten wires used in the test, for comparison with the magnified 
images produced electronically. Above, left, raw wire from spool showing die-marks (compare with elec- 
tron images on opposite page). Right, same wire after operating for one hour at 2800 °. Below, left, 
wire smoothed by electrolysis. Right, electrolyzed wire after one hour operation at 2800° K., showing large 

crystal boundary 
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Activation of thoriated tungsten (all pictures made at 1200° K. with decreasing exposure times). Left to 

right, after ten second flash at 2800° K.; after four minutes activation at 1850° K.; after 20 minutes; after 

30 minutes; and after 70 minutes, showing complete activation 

light and dark stripes, more or less 
regularly spaced and continuous 
along the length of the tube. Ap- 
parently these stripes are reproduc- 
tions of die -marks made in drawing 
the wire; smoothing the wire by 
electrolysis or abrasion will produce 
a pattern comparatively free from 
groove- marks. As the temperature 
of the filament is increased, the pat- 
tern becomes more brilliant but does 
not change in form. 

The unusual behavior of thoriated 
tungsten as an electron- emitting 
substance is well illustrated in the 
series of five photographs shown 
above. The thoriated wire is first 
"flashed" at a temperature of 2800° 
K. which removes the thorium from 
the surface. The temperature is 
then reduced to 1200° K. The emis- 
sion pattern shows bright spots un- 
der this condition. The temperature 
is then raised to the "forming" or 
activation temperature of 1850° K. 
where it remains for more than an 
hour. At intervals during this ac- 
tivation period, the temperature of 
the filament is reduced to 1200° K. 
and the emission pattern examined. 
The progress of the activation, that 
is the formation of the active thori- 
um layer on the surface of the fila- 
ment, can be followed by examining 
the photographs. Each original 
bright spot seems to act as a source 
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of thorium, which migrates over the 
surface until it covers it almost 
completely. When the activation is 
complete, the emission pattern is 
very similar to that of pure tung- 
sten, including the groove stripes 
previously mentioned. However, 
the thoriated filament will produce 

Emission pattern from 

drawn tungsten wire, 

showing the stripes 

produced by die - 

marks in the wire, 

photographed at ap- 

proximately 2000 °K. 

The wire helix has 

been replaced by a 

strip of platinum 
paint in this tube 

as bright a pattern at 1200° K. as 
will pure tungsten at 2000° K. 

I An Electron Microscope for Filaments : 

Emission and Absorption by Tungsten Single 
Crystals, R. P. Johnson and W. Shockley, 
Phys. Rev. 49, 436 (March, 15, 1936). This 
work was performed at the Eastman Research 
Laboratories of the Massachusetts Institute 
of Technology. The Editors are indebted to 
Dr Johnson, now with the G. E. Research 
Laboratory at Schenectady, for supplying the 
photographs. 
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R3 .10,000 ohms 
R4 30,000 ohrns 
R5-i 8 100,000 ohms 
R5,R10 40,000 ohms 
Ru 15,000 ohms fixed plus 20,000 ohms variable 
R12 R13 Two gang variable resistor, 1,000 ohms and 5,000 ohms 
1314 Resistor equal to resistance of recorder 
R15 10,000 ohms, 50 watts 
P1 -Ps 200,000 ohm potentiometers 
51jSZ,56 5P5T jack switches 
5; 12 position rotary switch 
s4 3PDT jack switch 
S5 12 PDT rotary switch 
57 DPDT toggle switch 
T, Transformer with plate voltages of 450 -0 -450 volts and filament voltages suitable for tubes used in the amplifier. 
Ch 20 henry choke coil 
G1 8 Aufd. filter condenser 
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Fig. 1- Schematic wiring diagram of the amplifier showing alternative forms of power supply 

IN THE older branches of the elec- 
trical industry the widespread 

use of graphic recorders is axiom- 
atic. Similarly, as electronics comes 
of age, there in an increasingly ap- 
parent tendency to employ graphic 
recording instruments, not only 
where permanent records are de- 
sired, but also in the measurement 
and observation of continuous phe- 
nomena encountered in development 
and test work. 

However, the application of re- 
cording instruments to electronic 
applications differs in one marked 
respect, namely, the more frequent 
occasion for recording of other -than- 
linear quantities. This is particu- 
larly true in the fields of audio, 
video, and radio propogation where 
the quantitative criterion is very 
often a logarithmic function. In such 

By JOHN P. TAYLOR 
Albuquerque, N. Hex. 

cases, direct recordings on a loga- 
rithmic scale are obviously desirable. 

Although logarithmic -response in- 
struments of the panel type have 
been devised (for instance, those 
used in portable sound -level measur- 
ing equipments), there is to date, 
no standard graphic- recording in- 
strument with this type of response. 
It is, therefore, necessary to use the 
ordinary linear- response recorders, 
and provide some intermediate 
means of driving these logarithmi- 
cally. This can be done in two ways, 
ie., by designing the particular 
equipment to have an inherent loga- 

rithmic response, or by using an ex- 
ternal amplifier having a linear 
input -logarithmic output character- 
istic. Where equipment for perma- 
nent installation is concerned, the 
first alternative is usually preferable. 
However, for general laboratory ap- 
plications an external logarithmic 
amplifier is ordinarily more advan- 
tageous in that it can be combined 
with existing measuring equipment 
of practically any type, without 
necessity of redesigning or recali- 
brating such equipment. 

The amplifier described was de- 
signed for applications of this kind. 
The original need arose in connec- 
tion with the problem of making 
logarithmic recordings of broadcast 
station field intensities. However, 
considerable flexibility was purposely 
incorporated in order that the same 
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for Logarithmic Recording 

equipment might be used for any 
similar application wherever a linear- 
logarithmic response is required. 
The method followed, and the re- 
sults obtained, may, therefore, be of 
some general interest. 

General Characteristics 

The type of recorder most widely 
used requires 5 milliamperes for full - 
scale deflection. Output of this 
order is, therefore, the first requi- 
site of equipment for this purpose. 
Since most electronic measuring de- 
vices are not designed for this load, 
a certain amount of power amplifica- 
tion is required. The present am- 
plifier has been designed to provide 
an output of 5 ma. (across any load 
up to 5000 ohms) with an input of 
3 volts. Since the impedance of the 
input attenuator is approximately 
450,000 ohms, the load which it 
places on the source is less than ten 
microamperes. To provide wide 
flexibility of input, a switch is ar- 
ranged to cut out one stage of the 
amplifier. In addition, any inter- 
mediate range is available by using 
the input attenuator which is cali- 
brated in logarithmic steps. 

The second requirement of an am- 
plifier of this type is a useful re- 
sponse throughout a range appro- 
priate to the phenomena to be en- 
countered. Since the difficulty of 
obtaining stability and accuracy in- 
creases rapidly as this range is in- 
creased, the choice must represent, 
to some degree, a compromise. Thus, 
although a range of 70 or 80 db 
might find occasional use, a more 
practical amplifier results if a less 
extended range is chosen. The am- 
plifier described was designed with 
the idea of obtaining a useful re- 
sponse approaching 50 db. This 
provides for most all likely require- 
ments, and, as will be noted later, is 
a convenient choice as regards scale. 

In addition to these primary re- 
quirements, equipment for general 
laboratory and field use must have a 
certain amount of overall flexibility. 
Several features have been included 
with this in mind. For instance, a 
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six -pole switch has been provided so 
that the amplifier may be instantly 
changed from logarithmic to linear 
amplification. Again, provision has 
been made for either battery or a -c 

operation. Finally, a simple means 
of calibrating the equipment has 
been built -in. 

The most difficult problem in 
building a direct -current amplifier is 
that of maintaining stability. This 
follows from the fact that, unlike 
a-c amplifiers, the output is markedly 
dependent on supply voltages. If no 
compensating arrangement is used, 
changes in plate current cause cor- 
responding changes in output and 
near zero on the scale these may 
amount to very large percentage 
errors. In a logarithmic amplifier 
this is still more pronounced be- 
cause of the very high gain at the 
bottom of the scale. In developing 
the present amplifier, various means 
of compensating for first -stage drift 
were tried, but it was found that no 
simple method would suffice. As a 
result it was necessary to use a 
balanced -type amplifier. The ar- 
rangement is quite simple (see Fig. 
1). Since it is essentially a bridge 
circuit, ordinary changes in battery 
voltage will not affect the output. 
The use of pentode tubes makes 
feasible a gain of about 30 db with- 
out resorting to an impractically 
high plate voltage. The values of 
resistances R. and R10 are not criti- 
cal, but these must be well- matched. 
Similarly the two 6D6's used should 
be selected for identical character- 
istics. These tubes have good uni- 
formity and it has been found that 
two of practically identical char- 
acteristics can be found easily. 

Exponential Second Stage 

At zero input the voltage across 
R. R1. is zero. When input voltage 
is applied the instantaneous plate 
current of one tube increases, caus- 
ing a negative voltage to appear 
across the resistors. This voltage is 
applied to the grids of four tubes 
in parallel in the second stage. The 
reason for this arrangement will be 

evident from a study of Fig. 2. 
Curve a is the plate characteristic 
of a single 6D6, biased slightly nega- 
tive. This tube, which is of the re- 
mote cut -off type, has a character- 
istic usually referred to as exponen- 
tial. However, as can be seen, it 
closely approaches this over only a 
comparatively small range (about 
20 db). Nevertheless, it is roughly 
exponential over a much wider 
range -and hence occurs the idea of 
obtaining a logarithmic curve by 
adding correction. As can be seen 
the departures from exponentiality 
occur at the top and bottom of the 
curve -at which points the curvature 
is not sufficiently great. Correction 
at the top is obtained by placing two 
6D6 tubes in parallel, and biasing 
them so that they cut off curve b 

rapidly, thus increasing the curva- 
ture near the axis. Correction at 
the other end is obtained by adding 
another 6D6 with its grid fed from 
a potentiometer. This is adjusted 
so that only a small part of the 
first -stage output voltage operates on 
this tube. The resulting character- 
istic (curve c) drops off slowly, thus 
providing the curvature desired. 
The screen grids and plates of all 
four tubes are connected together. 
Curve d is the total current -and is 
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Fig. 3 - Field 
strength r e c o r d 
made automatically 
with the field in- 
tensity meter and 
amplifier shown on 
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a logarithmic curve of good cor- 
respondence. The abscissa of Fig. 
2 is, of course, the voltage input to 
the second stage. 

The current of curve d is used to 
drive the recorder -which is placed 
directly in the circuit. However, as 
the total variation is to be limited to 
5 ma., and the recorder is to read 
zero at the position corresponding to 
zero on Fig. 2, it is necessary to 
provide a balancing current, and also 
to shunt the recorder terminals. The 
first is accomplished by tapping an 
additional positive voltage off of the 
bleeder, and feeding this back in re- 
verse direction. By adjusting re- 
sistor R the recorder can be made 
to read zero at zero input. The ar- 
ment used also makes it possible to 
compensate for changes in line volt- 
age in relatively simple manner. This 
is accomplished by adjusting the 
value of the feedback voltage. Since 
this voltage is obtained from the 
same bleeder as the plate voltage, a 
point will be found such that changes 
in the two voltages, caused by 
changes in line voltage, will just 
balance each other. This balance, 
of course, will be perfect for only 
one point on the output scale. How- 
ever, by choosing this point toward 
the lower end of the scale, a balance 
is obtained such that a 10% varia- 
tion in line voltage will cause a varia- 
tion of only 0.1 ma. -or 1 db -at 
the worst point. This is an error 
that is well within the overall error 
of the equipment. 

As will be seen from Fig. 2, the 
total change in plate current for a 
50 db. change in input, that is, from 
0.3 volts to 100 volts- causes a vari- 
ation in total plate current of 8 ma. 
The recorder is placed in series with 
this circuit, and is shunted with a 
variable resistor R,, R which re- 
duces this variation in recorder cur- 
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rent to 5 ma. Then, if 50 division 
recording paper as shown in Fig. 3 
is used, each scale division repre- 
sents one decibel. The recording is 
then direct reading, convenient, and 
of quite good accuracy. To facili- 
tate operation a 5 ma. meter, M, is 
placed in series with the output ter- 
minals, and a switch S, arranged so 
that the recorder may be cut out of 
the circuit, a resistance R equal to 
the resistance of the recorder, being 
substituted. This allows the setup 
to be adjusted or the calibration 
checked without causing meaning- 
less marks on the record. Since 
several types of recorders are in 
general use, three output terminals 
have been provided, and the shunt 
resistor R12 R. is of the ganged two - 
section type with the center point 
brought out to terminal E. Where 
a high resistance recorder is used 
the connections are made to term - 
minals D and F, and terminal E. left 
open. For a low resistance recorder 
terminals E and D are shorted. 

The above description covers the 
circuit for operation as a logarith- 
mic amplifier. If the unit is to be 
used for general laboratory applica- 
tions, there will also be occasions 
when it will be desired to use it in 
connection with making linear re- 
cordings. Such operation has been 
provided for and the changes are 
made by means of a single switch S5 
Operation of this switch connects the 
tubes of the second stage to a dif- 
ferent group of potentiometers and 
places the two 6D6's in parallel. 
These potentiometers P, and P2 are 
adjusted so that the tubes work over 
only the linear part of the character- 
istic. The shunt resistance acrcss 
the recorder must, of course, be re- 
duced. For this operation an in- 
put of three volts to the second stage 
causes full deflection on the recorder. 

The switch S; also changes the feed- 
back voltage tap, thus allowing 
compensation to be independently 
obtained for linear as well as the 
logarithmic amplifier connection. 

Logarithmic Step -attenuator 

With the above operation in mind 
the function of the input attenuator 
can be considered. This consists of 
eight resistors R, -R,, with taps 
brought out to a twelve position 
switch S,. Positions 0 to 5 of this 
switch constitute a logarithmic step - 
attenuator, each step causing a 
10 db. attenuation. This is a con- 
venient arrangement since it, as 
well as the output meter, will be di- 
rect reading and the readings are 
directly additive. Thus, if the at- 
tenuator is set, for instance, at the 
position marked 3 and the output 
meter reads 4 ma., the input voltage 
is immediately read as 70 db. above 
the reference level (10 microvolts 
when both stages are utilized). 

The remaining steps, 6 to 10 con- 
stitute a linear potentiometer, each 
step being one quarter of the total. 
This part of the attenuator is 
placed in operation by closing 
switch S2, which shorts resistors 
R, to R.. It is useful in calibrating 
the linear operation of the ampli- 
fier and requires no added resistors, 
since taps are merely brought out 
from sections of the resistors com- 
posing the logarithmic attenuator. 

A word about the value of re- 
sistors R, to R8 is desirable. Since 
an overall accuracy of 2 db. is suf- 
ficient for this type of work, and 
since errors Of the order of ± 1 db. 
occur due to other factors, it was 
thought that resistors chosen such 
that the error on any step would not 
be more than ± db would be sat- 
isfactory. This allows use of a min- 
imum number of standard -size re- 
sistors -the values of which are indi- 
cated in Fig. 1. These may be of 
the semi -precision wire -wound type, 
specified for 5% accuracy. If several 
of each value of these are available 
to choose from and a means of meas- 
urement available, it is usually pos- 
sible to find values within 2% or so. 
However, the 5% accuracy values 
are sufficiently good providing the 
errors are not all additive. 

When the input attenuator is used 
the input connections are made to 
terminals A and C. This places an 
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impedance of 450,000 ohms across 
the source. If it is desired to elim- 
inate this load, switch S3 may be 
set at the "off" position, and the 
input connections made to terminals 
A and B. This, of course, makes it 
impossible to use the attenuator. 

In order to have available a means 
of quickly checking the calibration 
of the amplifier a three volt battery 
is arranged so that throwing switch 
S, will connect it in the circuit. 
When this is done, taps 0 to 5 afford 
a means of direct calibration which 
is quick and convenient. Thus with 
switch S:, set on tap 5 the output 
meter should read zero, on tap 4 
it should read 1 ma. and so on up to 
tap 0, at which it should read full 
scale. The same calibrating pro- 
cedure can be followed for the linear 
calibration by closing switch S2 and 
throwing switch S4 to the one -stage 
position. This allows taps 6 to 10 
to be used to calibrate the amplifier 
for linear operation. 

It will be noted that the plate 
voltage for the first stage is sup- 
plied by batteries while that for the 
second stage is obtained from a 
power unit. Because the total first 
stage current is only a few milliam- 
peres, it was decided to use batteries 
exclusively for this stage. 

The second stage however draws 
considerably more current and a -c 
operation is desirable when used in 
the laboratory. A simple rectifier 
circuit suffices since a relatively 
high hum -level has no effect. All 
of the connections involving this 
power supply are made through 

binding posts - terminals 1 to 10 on 
Fig. 1. For field use the power 
supply is simply disconnected at 
these points and removed entirely. 
Batteries are substituted as indi- 
cated in the inset of Fig. 1. It will 
be noted that the arrangement in 
this case is quite different. This 
is done in order to obtain drift 
compensation without the undesir- 
able course of using a bleeder. This 
is accomplished by connecting the 
meter and recorder terminals in the 
negative side of the plate supply 
and by taking the feedback voltage 
from a tap on the battery which 
furnishes the screen grid voltage. 
With this arrangement (since pent- 

odes are used) small changes. in 
plate voltage have no affect on plate 
current and if the tap is correctly 
adjusted changes in the feedback 
voltage (since they will be balanced 
by changes in screen voltage) will 
not affect the current ia the output 
circuit. Thus, the only voltage 
change which can cause drift is that 
in the section of the screen grid 
battery above the feedback tap - 
and, since the current drawn from 
this part of the battery is very 
small, the corresponding drift will 
be small and will be partly balanced 
out by the change in C battery 
voltage. 

(Continued on page 35) 
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Interior view of the amplifier 

An experimental set-up for taking 
field strength measurements 
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A New Color- Separator 
A double -tube circuit distinguishes between two basic colors 
by comparing the percentage, of each in the test sample, 
giving positive indications regardless of color impurities 

By W. RICHTER 
A. O. Smith Corporation 

Milwaukee, Wisc. 

M OST photoelectric circuits op- 
erate on the total amount of 

light received by the phototube. If 
the problem is to separate a certain 
shade of one color from a certain 
shade of another color, this can us- 
ually be solved by the application of 
a single color filter to the tube. The 
problem becomes immediately more 
complicated if, for instance, articles 
ranging from the lightest to the 
darkest red are to be separated from 
articles ranging from the lightest 
to the darkest blue. The reason for 
the fact that one cell with a filter 
fails to function is that the colors 
usually encountered are never pure 
colors. Thus by the application of 
a red filter it should be possible to 
make a red piece of paper look 
lighter than a blue one, so that the 
photo cell would respond to all shades 
of red with a current larger than 
for the blue shades. However, it is 
found that light blue paper will also 
reflect a good deal of red light, as 
a matter of fact, more than a very 
dark red paper. 

A circuit had therefore to be de- 
vised which would not be affected 
by the intensity of the total amount 
of light reflected from the article, 
but by the ratio of the individual 
color components of it. Thus while 
the light reflected from a light blue 
paper may contain more red light 
than the light reflected from a dark 
red paper, yet the ratio between the 
blue and red components is certainly 
larger in the case of the blue paper 
than in the case of the red paper. 

This problem was solved very sat- 
isfactorily by an arrangement, the 
principle of which may be stated 
very simply: Two photo tubes are 
receiving light from the object sim- 
ultaneously, one through a red the 
other through a blue filter. (If sep- 
aration is desired between two other 

colors, corresponding filters must be 
used of course.) By means of a 
neutral optical wedge or a diaphragm 
the amount of total light reaching 
the two tubes is adjusted so that 
they pass equal currents, if a white 
or grey piece of paper is made to 
reflect light on them. (It is as- 
sumed that white contains all colors 
in about equal amounts.) Such an 
arrangement will of course be prac- 
tically independent of light fluctua- 
tions, because both cells receive light 
from the same spot. If either the 
intensity of the light drops or the 
white is replaced by a grey paper, 
which absorbs an equal amount of 
all colors, the light received by the 
two cells will decrease in both of 
them the same amount, and the two 
currents decrease, but remain equal. 
An instrument showing the differ- 
ence between the two will therefore 
remain at its zero setting. Now let 
the cells look at any shade of red or 
orange paper; no matter how dark 
or how light the shade, the light 
coming from it will contain more 
red than blue light. The cell with 
the red filter will therefore receive 
more light than the one with the 
blue and the meter mentioned above 
will go to the one side. The re- 
verse is of course true when looking 
at any blue paper. 

In trying to put the above stated 
principle into practice several fac- 
tors must be taken into account. The 
first thought would be simply to have 
two cells looking at the same 
object. The two cells and their 
lens systems can obviously not oc- 
cupy the same space; therefore the 
two cells will look at the object under 
a slightly different angle, as shown 
in Fig. 1. Assume for a moment 
the article to be a light red, which 
would make the cell with the red 
filter to pass more current. Now it 
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may easily happen that the surface 
of the body may have a sheen or 
lustre or other particles with pe- 
culiar reflecting properties such as 
to make the whole article appear 
much brighter when looking from 
the direction of the blue filtered cell. 
Under these circumstances it may 
easily happen that the blue cell would 
receive more light from the red ar- 
ticle, than the red cell which of 
course would cause a wrong indica- 
tion. It is therefore at once obvious, 
that it is of the utmost importance 
that both cells receive the same pic- 
ture. 

This was accomplished by the ar- 
rangement shown in Fig. 2, which 
shows the optical system of the ap- 
paratus. The body B is illuminated 
by a strong source of light A ; in 
the experimental set up an automo- 
bile spot light was used and B was 
brought in its focal point, which re- 
sulted in an intense illumination. 
The light reflected from B is col- 
lected by a large condenser lens C. 
After passing through C it falls on 
a specially prepared mirror D. This 
mirror, about 6 by 6 inches is of the 
ordinary variety, obtainable in any 
store. However, the back was re- 
moved and the silvering removed in 
1/16" wide strips, so that the mirror 
consists of alternate strips of clear 
glass and original surface, both of 
them being about 1/16" wide. Con- 
sequently about half of the light 
coming from C passes through it, 
while the rest is reflected. These 
two parts pass now thru the lenses 
E and F, the purpose of which is 
simply to reduce the size of the lu- 
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minous spot produced by B so that it 
will be completely on the cells. It 
then passes thru the two filters G 
and H, furthermore thru the optical 
wedges 1 and K and finally produces 
a picture of B on the photo cells L 
and M. This picture is made to be 
somewhat out of focus in order to 
minimize possible differences in sen- 
sitivity over the surface of the cells. 

Since the sensitivity of the cells 
to various colors is very different, 
usually being larger for the red than 
for the blue, the cell with the red 
filter will pass more current for 
given incident light. Therefore the 
amount of light reaching this cell 
must be cut down. Since it is of 
great importance that both cells re- 
ceive the light exactly from the 
same portions of B, an optical wedge, 
which cuts down the intensity of 
every ray of light individually in- 
stead of a diaphragm, which cuts 
out a portion of the rays entirely, 
is preferable. 

The two wedges were prepared in 
a most inexpensive manner. A 
length of about three feet of 35 mm 
positive film for motion pictures, 
as obtainable from Eastman Kodak 
Co. in 100 foot lengths at about 
1.5 cents per foot, was mounted on 
a flat board and exposed by the light 
from a small bulb held about 6 inches 
above one of the ends. This causes 
the end under the bulb to become 
rather dark, while at the far end 
not only the intensity of the light 
is much less but also the angle of 
incidence smaller, so that the strip 
remains practically clear on this 
end. The strip was then fastened 
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to two small wooden rolls provided 
with knobs, and thus can be moved 
across the window thru which the 
light reaches the cell. Excellent 
stepless control was obtained in this 
manner. 

Two more points might be of in- 
terest in connection with the photo 
electric and optical system. The 
common caesium coated photo cell 
has practically all its sensitivity in 
the red and infra -red part of the 
spectrum. The gelatine filters ob- 
tainable all pass infra -red light very 
freely, so that as far as the cell is 
concerned the filters do not produce 
the desired action. For this reason 
it is more desirable to use potassium 
cells which have their peak sensi- 
tivity in the visible part of the spec- 
trum. The use of copper sulphate 
filters for both cells was found to 
give better results. 

There are several ways in which 
the electrical circuit can be designed 
to give an indication of the differ- 
ence of current in the two cells. 
Thus the cells can be arranged in a 
Wheatstone bridge, as shown in Fig- 
ure 3. This would probably be an 
undesirable circuit, due to the insu- 
lation difficulties of the high resist- 
ance load resistors needed. How- 
ever the currents of the two cells 
could be at first amplified, the two 
amplifying tubes being arranged in 
a bridge circuit, as shown in Figure 
4. The circuit actually used is 
shown in Figure 5. This circuit is 
well known for its high sensitivity 
due to the flat characteristics of the 
photo cells. It was run entirely from 
batteries, but otherwise is with a 

Fig. 1- Phototubes view sample 
from different angles, producing 
errors. Fig. 2. Arrangement where- 
by both tubes view sample from 

same angle. 

Fig. 3- Method of measuring rela- 
tive phototube response in bridge 
circuit. Fig. 4. Same in balanced 
form. Fig. 5. Circuit actually used 
measures voltage distribution be- 

tween tubes 

few minor differences equal to the 
one described by D. G. Fink in the 
June 1934 issue of Electronics on 

pages 190 and 191. A 37 type tube 
was used with reduced filament volt- 
age and very low plate voltages and 
the whole tube was boiled in paraf- 
fin to eliminate surface leakage. The 
apparatus was found to give excel- 
lent color separation regardless of 
the intensity of light and the shade 
of the sample. 
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Portable Reverberation Meter 
Reverberation time measures the acoustic value of a room. This factor may be calculated 
knowing the dimensions of the room, etc. But it is often desirable, or necessary, to measure 
the decay period. This calls for an "electrical ear" and a timing device 

IT IS a well known fact in acous- 
tical engineering that the quality 

of hearing conditions in auditoriums 
is governed to a large extent by re- 
verberation, the audible continuation 
of sound throughout the room after 
its source has been stopped. Faulty 
acoustical conditions are most fre- 
quently due to an excessively slow 
rate of decrease of this reverberant 
sound, with a consequent overlap- 
ping and confusion of spoken words 
and musical notes which renders sat- 
isfactory hearing difficult or im- 
possible. It has long been known 
that reverberant sound intensity de- 
cays along an approximately loga- 
rithmic curve, or, in other words, at 
a constant rate in decibels per sec- 
ond. This fact has been made the 
basis of the definition of reverbera- 
tion time, namely, the time required 
for sound energy to die out over a 
range of 60 db. The reverberation 
time as thus defined has given long 
and useful service as a yardstick 
for the acoustical properties of 
rooms. 

Reverberation time in most cases 
may be easily calculated from the 
dimensions of a room and knowledge 
of the sound absorbing efficiencies 
of the interior surfaces. Often, 

By HALE J. SABINE 
The Celotev Corporation 

Chicago, Iii. 

however, these calculations may be 
extremely uncertain, and it becomes 
desirable to measure the reverbera- 
tion time directly in the room itself. 
Under normal room conditions, rea- 
sonably accurate measurements may 
be made with simply a calibrated 
organ pipe and a stop watch. This 
method, however, does not reveal 
variations from the theoretical loga- 
rithmic decay, which under certain 
conditions may become quite pro- 
nounced. 

This paper describes a portable, 
electrically operated reverberation 
meter designed to measure directly 
the rate of decay of reverberant 
sound in decibels per second. The 
complete apparatus includes the re- 
verberation meter proper and a Gen- 
eral Radio noise meter (which to- 
gether constitute the actual measur- 
ing equipment) and a sound source. 
The latter may conveniently be a 
portable instrument such as de- 
scribed by Anderson'. It was found 
in this case that the noise meter, 
which was already available, could 
be readily utilized as part of the 

'Electronics, April, 1936. 

required equipment, and the rever- 
beration meter was designed as an 
adjunct to the noise meter. 

The reverberation meter and noise 
meter together constitute in effect 
an electric ear having a threshold 
which can be varied by 10 db steps, 
and a timing device which meas- 
ures the time required for reverber- 
ant sound to die out from its initial 
value at the instant of cut -off to the 
particular threshold chosen. By 
plotting the time intervals as ab- 
cissae against the corresponding 
values of threshold settings in db 
as ordinates, a series of points is 
located which, when joined by a 
straight line of best fit, give di- 
rectly the slope of the decay curve. 
The reverberation time as defined is, 
therefore, the time interval along 
the horizontal axis corresponding to 
a range of 60 db. along the vertical 
axis. Absolute values of either time 
or intensity are not involved, since 
it is only the slope of the decay 
curve which is being measured. 

The schematic and wiring dia- 
grams indicate the operation of the 
apparatus. The essential components 
contained in the noise meter are 
shown separately inside the dotted 
lines. The microphone in this case 

Schematic of complete apparatus for measuring reverberation time 

Microphone 
Band pass 

filter 
(optional) 

Attenuator 
25 db.steps 
(optional) 

r 
_L 

I 

--- 

Noise meter 

Attenuator 
10 db.steps Amplifier 

Oscil lator 

Reverberation meter 
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Typical data secured by the equipment placed in several locations 

is a duplicate of the pickup device 
built into the noise meter, but is 
brought outside for convenience. 
The band pass filter may be inserted 
to pass the frequency of the test 
tone while suppressing interfering 
noise of other frequencies. The 21 
db step attenuator may also be in- 
serted if it is desired to take smaller 
steps along the curve. The 10 db 
step attenuator in the noise meter 
is utilized as the variable threshold 
control. Output terminals were 
added to the noise meter, and a 
switch was provided for transfer- 
ring the output of the amplifier from 
the decibel meter movement to these 
terminals. Since the amplifier is 
heavily overloaded while the sound 
source is operating, it was necessary 
to take the meter movement out of 
the circuit to prevent damage to it. 

The reverberation meter proper 
consists of a stage of amplification 
of conventional type followed by a 
small copper oxide rectifier and a 
low -pass filter section. These two 
elements convert the a -c output of 
the amplifier tube to a steady posi- 

tive d -c voltage on the grid of the 
thyratron. A variable negative bias 
furnished by the C battery and po- 
tentiometer is superimposed on the 
positive voltage so that their re- 
sultant algebraic sum is the effec- 
tive voltage controlling the plate 
current of the thyratron. This plate 
current will flow only when the 
positive voltage due to the sound 
input is high enough to bring the 
total grid voltage more positive than 
the discharge potential of the tube, 
in this case approximately -2 volts. 
The variable negative bias serves 
as a threshold control supplementary 
to the 10 db step attenuator, since 
the more negative this bias, the more 
positive must be the sound input 
voltage to cause the tube to dis- 
charge. By this means it is pos- 
sible to set the threshold of the en- 
tire system just above the noise level 
existing in the room under test. 

The plate current of the thyratron 
operates a relay which in turn con- 
trols the starting and stopping 
mechanism of the clock. This is a 
Leeds & Northrup synchronous timer 

having a very rapid and positive 
clutch mechanism operated by a pair 
of opposing magnets. The clock 
movement is operated by a standard 
synchronous clock motor and is 
geared to complete one revolution 
in 10 seconds. The dial is grad- 
uated in tenths of a second, and may 
be easily estimated to hundredths. 
The push button in the plate circuit 
of the thyratron is arranged so as 
to turn on the sound source and 
break the plate circuit simultane- 
ously when pressed, and when re- 
leased to cut off the source and close 
the plate circuit, thus allowing the 
clock to start the instant the source 
is stopped. 

The plate of the thyratron is sup- 
plied with 110 volts a.c. from the 
power line. With this arrangement, 
the plate current will automatically 
be turned on and off as the grid 
voltage is varied back and forth 
through the critical value. Under 
field conditions the decay of sound 
energy actually takes place with 
rather wide fluctuations about an 

(Continued on page 35) 

Wiring diagram of reverberation meter for measuring auditoriums 
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4000000, 
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Television :.. - European Style 
New intermediate -film 
pickup cameras and a pro- 
jector for theatre use appear 
in England and Germany 

This truck, the second of its kind constructed in Germany, is fitted to 
develop the film talez by the camera on its roof, and scans the film 
immediately for transmission. The whole process of development and 

scanning consumes thirty seconds 

An English version of the 
intermediate -film pickup ca- 
mera. The film camera at 
the upper right feeds ex- 
posed film through the hob 
low standard to the develop- 
ing tank. After reversing 
the film is projected on the 
rotary scanning disc and 
photocell (left foreground) 

This television receiver is 
built by Fernseh A.G. of 
Berlin for use in theatres. 
The cathode -ray tube behind 
the lens operates with 18,00.) 
volts on the accelerating 
anode, producing an image 
bright enough to be pro- 
jected on a screen 3 by 4 

feet in size 

New members of the es- 
thode -ray tube family. 
Large -size tubes (12 -, 15- 
and 22 -inch screens) con- 
structed in England for tele- 
vision reception. The fluo. 
restent screens produce a 
practically pure black -white 

image 

Apparatus installed in the television truck. The 
units are: (1) power supply controls; (2) develop- 
ing, washing and fixing tanks; (3) the rotary 
scanner which scans the film immediately before 
it is completely dry; (4) the photocell amplifier 
and u -h-f relay transmitter which sends the signal 

to the main transmitter 



Multiple- Circuit Pads 
A chart for determining the resistance values in networks designed to match several like 

impedances to one other impedance of different value, for example, matching several 

500 -ohm telephone lines to a 2000 -ohm amplifier output 

FREQUENTLY the communica- 
tions engineer is confronted with 

the problem of feeding two or more 
telephone lines from one amplifier, 
or the inverse case of feeding two 
or more amplifiers from one tele- 
phone line. In such cases the cir- 
cuits may be matched by a network, 
or pad, of resistance elements. While 
such a pad introduces a loss, the loss 
is usually not more than 25 decibels, 
and in many cases is much less than 
this amount. The simplicity of the 
network and its freedom from fre- 
quency error recommend it in pref- 
erence to transformer coupling. 

Chart suitable for 
six circuits 

The chart printed on the reverse 
side of this page presents curves 
for calculating the various constants 
in such multiple pads for from three 
to six circuits. The curves are cal- 
culated for matching one circuit of 
reflected impedance Z, to several cir- 
cuits of reflected impedance Z1. The 
ratio K = Z, /Z the total number 
of circuits N (including both input 
and output circuits), and the im- 
pedance Z, are the factors determin- 
ing the values of the resistances 
used in the pad. In terms of K and 
N, the factors C and E are found 
from the chart. The resistances 
R, (shown in the diagram) are then 
R. = Z,C and the resistance R.= 
Z,(K -E). For example let Z, be 
2000 ohms and Z, be 500 ohms. Then 
K = 2000/500 = 4. Four imped- 
ances Z. are to be matched with one 
impedance Z,. The number N is 
then 5. The chart gives correspond- 
ing values of C and E to be C =0.525 
and E = 0.380. The resistances R, 
are then R, = 500(0.525) = 262.5 
ohms and R, = 500(4 - 0.380) = 
1,810 ohms. 

By FREDERICK WHEELER 
Engineer, Station 11 -KF 

For cases where K is greater than 
12 and the number of circuits N is 
greater than 6, the following formu- 
las may be used : 

K (N - 3) (N - 1) + 1 

K(N -1)2 -1 
E (C + 1) / (N - 1) 

The losses between circuits in 

decibels are given in Fig. 1. For 
values of K larger than 12 and N 
larger than 6, the formulas are: 

(2K -E)2 
Db = 10 loglo K (1 - C)2 

when Z, and Z. are not equal, and : 

Db = 20 logia 
1 - C 

when the loss is between circuits of 
the same impedance, i.e. between 
circuits of impedance Z, and Z_. 

28 

24 

20 

o 

A = Db. loss between circuits of impedance Z1 and ZZ 

B = Db. loss between circuits of impedance Z, and7.,, 

UV/ 

o 1 2 

B 

K 

N=3 

10 12 

Fig. 1. Decibels loss between impedances in the multiple circuit pads 
described by Mr. Wheeler 
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Reverberation Meter 
(Continued from page 31) 

average straight line, due to the in- 
terference pattern in the room, so 
that the sound intensity may pass 
through a given value several times 
before finally decreasing below that 
value. Due to the automatic on- 
and -off action of the thyratron, the 
clock integrates the total time dur- 
ing which the sound intensity has 
a value above the threshold, thus 
tending to average out the fluctu- 
ations in the decay curve. 

Field Measurements 

The procedure used in making 
measurements in the field is as fol- 
lows. The loud speaker is first set 
up at a position corresponding to 
that of the sound source in the nor- 
mal use of the room. The 10 db 
step attenuator of the noise meter 
is set to its lowest value of attenu- 
ation, that is, the lowest threshold 
obtainable, and the potentiometer 
(marked "threshold control ") which 
varies the fixed bias on the thyra- 
tron is adjusted so that the voltage 
on the grid produced by the small 
amount of noise in the room is barely 
insufficient to cause the thyratron 
to discharge. This setting must be 

left unchanged during any one se- 
ries of 10 db steps along the decay 
curve. The sound source is turned 
on for a few seconds by pressing 
the push button, and on releasing it, 
the clock registers the time of sound 
decay to the threshold. The attenu- 

Reverberation meter on location 

ator is then set 10 db higher, and a 
shorter time is obtained to this 
higher threshold. By setting the at- 
tenuator to successive steps until 
the threshold is brought higher than 
the initial sound level itself, in 
which case the clock does not oper- 
ate at all, a series of points along 
the decay curve is obtained. A sin- 
gle series of points will normally 
deviate widely from a straight line, 
due to the fluctuations of the sound 
decay mentioned above. By taking 
a number of readings, changing the 

position of the microphone between 
each series, these deviations will be 
largely eliminated, and the average 
values obtained will fall approxi- 
mately along a straight line. Closer 
approximation may be obtained by 
increasing the number of microphone 
positions or by using a warbled in- 
stead of a steady frequency. 

The accompanying curves show 
the results of measurements taken 
in a large church which had been 
acoustically treated. Each curve 
represents each of three widely sep- 
arated positions of the microphone, 
and each point is the average of 
three secondary positions. The 
curves are fitted to the points by a 
statistical method. The figures 
along the vertical axis are the set- 
tings of the attenuator, and the hor- 
izontal axis shows the actual read- 
ings of the clock in seconds. The re- 
verberation times shown are ob- 
tained by extending each curve to a 
60 db range and taking the corre- 
sponding time interval. The aver- 
age of the three values shown is 
2.06 seconds. 

The equipment as described is ad- 
mittedly not intended for laboratory 
precision. It is believed, however, 
that portability, simplicity of design, 
and ease of operation have been 
achieved, together with quite suffi- 
cient accuracy and reliability of re- 
sults to meet the requirements of 
field conditions. 

Logarithmic Recorder 
(Continued from page 27) 

In Fig. 1 the tubes indicated are 
6C6's and 6D6's. For all- around 
use these are the best choice since 
they are suitable for either a-c or 
battery operation. If a -c only is 
contemplated, 57's and 58's will be 
equally as good (and are in fact 
shown in Fig. 2). Metal tubes - 
6K7's and 6J7's -would probably 
also be satisfactory. For battery 
operation alone the low- current se- 
ries of metal -glass equivalents should 
be satisfactory, and would offer a 
saving in filament power. Finally, 
if a very small -size amplifier were 
desired it might be interesting to 
try 955's and 956's. 

The wide range of applications for 
which this amplifier is suited is suf- 
ficiently evident as to require no 
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cataloging. One feature, however, 
deserves some additional emphasis - 
namely the adaptability to particular 
situations. In this respect the lin- 
ear- logarithmic, one -stage, two - 
stage, and a-c or battery change- 
overs are obvious advantages. Not 
so obvious, but equally important 
are the possibilities of the adjustable 
response characteristics by means of 
the potentiometers Pl to P5. This 
is of great advantage in that it 
allows the response of the amplifier 
to be adjusted so as to compensate 
for any deficiency in the response of 
the measuring equipment with which 
it is used. A good example of this 
occurs when the amplifier is used 
with a standard field intensity meter. 
A measuring instrument of this type 

almost invariably uses a diode de- 
tector. Such a device is linear over 
most of its range, but at the very 
lower end it becomes almost para- 
bolic. In making logarithmic re- 
cordings this would ordinarily be a 
serious defect, since errors in this 
range are greatly increased when 
logarithmic amplification is used. 
However, when the amplifier shown 
here is used, the characteristic can 
easily be adjusted so that this curv- 
ature at low -scale readings is very 
well compensated and output read- 
ings of good accuracy obtained over 
a wide range. Thus, where the out- 
put of the field intensity meter itself 
has good accuracy over only about 
20 db, the combined response of the 
field intensity meter and amplifier 
when used together is very good over 
40 db, and useful to nearly 50 db. 
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TUBES AT WORK 
PHOTOTUBES for bridge -control, street -lighting control, 

and game- preserve control are among the applications 
reported this month. Also included are low- frequency 
carrier control, ignitron welding, and the uses of concentric 
lines 

Phototubes Control 
Swing Bridge 
By JOHN H. JUPE 

FOR THE FIRST TIME in the history of 
British engineering, phototubes have 
been used in connection with a major 
undertaking in the new road bridge 
which was recently opened at Kincar- 
dine-on- Forth, Scotland. 

This bridge was built to carry road 
traffic over the Forth but at the same 
time had to be partially movable so 
that shipping could pass freely. The 
problem was solved by making the 
central span a double cantilever rotat- 
ing on a pivot. On the operator's desk 
in the control cabin is a hand wheel 
which controls pilot motors. They in 
turn move the main rheostats in con- 
nection with the two fifty -horsepower, 
d -c motors which move the span 
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through a rack and pinion turning 
gear. Among other things, the control 
desk has indicator lamps, a dial to 
show the position of the span and but- 
tons for "inching" the bridge. When 
the bridge is closed two bolts and four 
wedges are "shot" and it was to ar- 
range for this that photo cells were 
used. 

Below the level of the road and on 
one of the fixed abutments there is a 
projector cabinet containing three 
lamps and a similar cabinet containing 
three caesium cells on one end of the 
moving span. The operation of the 
cell control is as follows. The span 
is closing and approaching the end of 
its travel, cell No. 1 receives light from 
the outer lamp of the set, causing a 
bell to ring in the control cabin, and 
lighting one of three indicator lamps 
on the control desk. Moving on, the 
same cell passes the other two lamps 

WORLD'S LARGEST X -RAY TUBE 

Said to be the world's largest, this ten -ton thirty -foot tube of St. Bartholo- 
mew's Hospital, London, is built within walls of barium -concrete for 
protection against stray rays. The patient under treatment converses by 
means of the microphone with the doctors who observe him through a 

mirror system 

in turn and gives two more signals. 
Immediately afterwards, cell No 2, 

which is higher than the others, glides 
into the beam of a lamp placed higher 
than the other two. This causes the 
center indicator lamp to light on the 
control desk and shows that the bridge 
is correctly aligned for the bolts and 
wedges to be "shot." Should the span 
overshoot a little, cell No. 3 is brought 
opposite the last lamp and an indica- 
tor informs the operator. The photo 
cells also cause the driving motors to 
be de- energized but "inching" buttons 
are brought into circuit. These are 
required as the span may not come 
to rest in quite the correct position 
owing to wind pressure, etc. They are 
at all times kept out of operation until 
the cells indicate that their use is re- 
quired. 

The moving span of this bridge 
weighs 1,600 tons and is the largest 
mechanism at present controlled by 
photo cells in the British Isles. 

Police Plan Radio 
Telegraph Net 
AT A RECENT CONVENTION of the Asso- 
ciated Police Communications Officers 
held at Davenport, Iowa, a national 
intercity radio telegraph system was 
proposed as a further aid in police 
radio crime prevention. The project 
calls for 400 stations, formed about 
a nucleus of the seven cities now hav- 
ing stations in operation and forty - 
four more intending to join the system. 
In addition stations in the interzone 
regions between cities, to be supported 
by each state, are suggested. The 
radio telegraph net is expected to sup- 
plement the individual radio telephone 
stations now operating within each 
city, and may use the same personnel, 
which must be trained to operate by 
telegraph code as well as by voice. No 
announcement was made of plans for 
obtaining the necessary operating fre- 
quencies, but it is expected that these 
will not be too numerous. 

Los Angeles Collects Data 
on Phototube Control 
of Street Lighting 
ACCORDING TO A RECENT announcement 
in Electrical World, the city of Los 
Angeles has been experimenting with 
photoelectric control of its street light- 
ing system. In particular the orna- 
mental street lights in the Hollywood 
area, which are controlled by carrier 
current, were fitted with a conven- 
tional photoelectric control device, set 
to operate at the lowest light intensity 
consistent with stable operation. When 
the daylight fades the controller trips, 
operating a buzzer and an indicating 
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A Dual Achievement 
aided by 

Bakelite Molded 
New large -size Pilot Radio with cabinet 

of duo -tone brown Bakelite Molded. 

THE selection of Bakelite Molded 
to form the new Pilot Radio 

cabinet has proved highly advan- 
tageous in two important respects. 
The material not only contrib- 
utes faithful reproduction of the 
designer's distinctive style concep- 
tions, but also, furnishes practical 
ease and economy in producing one 
of the largest cabinets ever molded. 

Although measuring 18'%" x 1334" 
x 10% ", and requiring a difficult duo- 
tone color, the Pilot cabinet is com- 
pletely formed and finished in one 
press operation. Each cabinet leaves 
the mold with lustrous surfaces and 
self - contained color that preclude 
further polishing or finish coating. 
Through -holes are formed and metal 
inserts accurately positioned in the 
same operation. 

Available in black and handsome 
mottled colors, and in numerous 
types to meet special molding tasks, 
Bakelite Molded offers attractive 
opportunities for economical pro- 
duction of original designs and new 
style treatments. Radio designers 
are invited to write for informative 
booklet 13M, "Bakelite Molded ", 
which gives data on the various types 
and functions of Bakelite Molded. 

(Left) 18'4 "x 13 "2 "x 103/e" Bakelite Molded 
cabinet molded for Pilot Radio Corpora- 
tion by Associated Attleboro Mftrs., Inc. 

BAKELITE CORPORATION. 247 PARK AVENUE, NEW YORK, N.Y. 
B A K E L I T E C O R P O R A T I O N OF CANADA. L I M I T E D . 1 6 é D u f f e r i n S t r e e t . Toronto, Ontario, C a n a d 

BAK SITE 
, ,M-n above drurnywdr .er.rul, 

.wWmn.ed br M..i- Cpaaarm Under N ropM o Wow, and iulun ua- W B.1a1w Ceaanw. padu[.. 

THE MATERIAL OF A THOUSAND USES 
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N THE LAST WORD IN LATERAL REPRODUCTION 
The TRU -TAN Model B -16 Pickup introduces to the professional field 
the new exclusive Astatic Offset Head Design which -by holding the 
needle practically true to tangent throughout the playing surface of 
the record -brings to the playing of transcriptions a finer life -like 
reproduction and longer record service. The Tru -Tan Pickup is abso- 
lutely free from arm resonance; is strongest in the bass, where 
normally records are weakest; provides fool -proof cue -ing in; and 
the reversible action of the offset head permits needle loading from 
top. 

MODEL B -16 
For professional use on transcriptions all sizes 

Utilizes plug -in type cartridge. Laboratory tested, me- 
chanically and electrically. Engineered with double row 
ball bearing in base swivel. Beautifully finished in 
modernistic black and chrome. List Price $27.50. 

GDPry OF MACIMML L.09 
MODEL 

-_ 
o...voa or ai. ,-4°aauc w ucaca 

MODEL B -10 
Standard for 12 -inch 
Recordings or smaller 

CHART SHOWING TRACK- 
ING ERROR COMPARISON 
OF TRU -TAN AND OR- 

DINARY STRAIGHT ARM 
PICKUPS 

, Every engineer will instantly 
recognize the amazing im- 
provement that the TRU -TAN 
OFFSET HEAD has brought 
to pickup performance. 

Embodying all the performance features of the Professional Model 
B -16, TRU -TAN Model B -10 is designed for standard recordings of 12 
inches or less. Finished in telephone black with chromium trimmings. 
List Price $17.50. 

Licensed Under 
Brush 

Development 
Co. Patents 

Astatic Pend. 

Write 
for 

Literature 

Pima 
MICROPHONE LABORATORY,Inc.YOUNGSTOWN,O. 

(l'(XlY1Fa illcUU(tfuctcct.ehi Uyf ,ZUQ.CLty Gt,y.itaf P2tfccgts 
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lamp. The buzzer gives warning to the 
station operator to start the carrier 
current generator, which is subse- 
quently connected to the power line, 
actuating the carrier current relays 
in the field and switching on the lights. 
The operator then opens the switch on 
the photo -electric control circuit, which 
is subsequently closed some time the 
next day. 

It is found that the annual hours of 
operation of the lighting system are 
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not greatly increased or decreased by 
the use of the photo -electric control, al- 
though departures from the rigid 
schedule formerly used are made to 
accommodate changes in light inten- 
sity. The accompanying diagram illus- 
trates the variations in time, in rela- 
tion to sunset, introduced by the 
photo -electric control. It was found that 
the operating life of the tubes in the 
controllers is at least two years. 

0 

PHOTOTUBE GUARDS 
GAME IN GERMAN 

PRESERVE 

A photo -relay in this gate, actuated 
by escaping deer or other game, 
turns on a blinding light and a 
horn which scares the animals back 
into the preserve, but allows auto 

traffic free access to the park 
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INTERNATIONAL RESISTANCE COMPANY 
401 NORTH BROAD STREET, PHILADELPHIA, PA. 

Factories or Licensees in Canada, England, France, Germany, Italy, Denmark and Australia 

MAKERS OF RESISTANCE UNITS OF MORE TYPES, IN MORE SHAPES, FOR 

MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLD 

Resstoii Without 

IRC uiut4hoeded' 

INSULATION 

ú8soeeteJ 
ae 

TYPE MW INSULATED 

POWER WIRE WOUNDS MOST COMPLETE LINE 

OF UNIT- MOLDED 

INSULATED RESISTORS 

METALLIZED RESISTORS 

TYPE BW LOW RANGE 

INSULATED WIRE WOUNDS 

An exclusive IRC method whereby a 

phenolic insulating compound is molded 

around the resistance element so that 

element and insulation become an inte- 

gral completely sealed unit. 

IREG. U.S. / PAT. OFF. 

Initiative Resourcefulness Cooperation 

to advance the interests 

of the industry 

Why make new engineering designs with obso- 
lete parts? . . . Today, IRC Unit -molded 
INSULATED RESISTORS have proved their 

superiority in every essential characteristic . . . 

IRC INSULATED RESISTORS simplify pro- 

duction problems . . . 

IRC INSULATED RESISTORS pave the way 
for a distinctly new line of engineering thought 
in modern radio, electrical and electronic design. 
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"JEWEL BOX" REMOTE AMPLIFIER 
MODEL 2A -The ideal remote am- 
plifier. This UTC unit incorporates a 

three position mixer with a 103DB 

gain amplifier having uniform re- 
sponse from 30 to 14000 cycles. The 

power output is plus 7DB with noise 
level, weighted, 60DB below output. 
A single meter is used for checking 
individual plate currents and volume 
indication. Complete unit with AC 
power supply measures only 12x16x9 

and weighs 27 lbs. MODEL 2A am- 
plifier with AC power supply, labora- 
tory wired and calibrated, net 
p r i ce to broadcasting 
stations $160 

UTC COMMUNICATION EQUALIZER 
MODEL 3A -The UTC universal equalizer will correct 
frequency discrimination of telephone lines, recording 
systems, microphones, pickups, cutters, and all other 
broadcasting equipment. It is accurately calibrated 
and quickly adjustable for independent high and low 
frequency equalization. Low frequency controls permit 
maximum equalization at 25, 50, or 100 cycles with 
zero to 25DB control. The high frequency controls 
permit maximum equalization at 4000, 6000, 8000, or 
10,000 cycles with zero to 25DB control. Net price 
fo broadcast stations and recording studios $85 

LINEAR STANDARD TRANSFORMERS 

These audio units are guaranteed to be ±1DB from 30 to 
20,000 cycles. The use of a true hum balancing coil struc- 
ture and tri -alloy magnetic shielding in low level units makes 
possible the lowest hum pickup units ever developed. Though 
a complete line of stock units are manufactured for every 
requirement up to 1000 watts, a large proportion of UTC 
Linear Standard units are designed and constructed to cus- 
tomers specifications. 

UTC ULTRA COMPACT COMPONENTS 
are the smallest wide range audio units in their 
class. The frequency response is ±2 DB from 
30 cycles to 20,000 cycles; weight approximately 
51/2 oz. These units employ a full hum balancing 
coil structure to effect minimum hum pickup. 
List prices vary from $10 down. 

Write to our Engineering Department for 
data on all types of Communication Equip- 

ment and Components. 

Applications of Concentric 
Transmission Lines 

By VICTOR J. ANDREW, PH. D. 

CONCENTRIC TRANSMISSION lines have 
recently come into widespread use for 
carrying radio frequency energy over 
any considerable distances, both in 
transmission and in reception. The 
greatest advantage obtained with such 
line is simplicity and economy of in- 
stallation, and in many cases the pos- 
sibility of running a line where an open 
wire circuit would be impossible. In 
other instances the practically perfect 
shielding of such a line is of paramount 
importance. 

Transmitting Installations 
Most of the large broadcast stations 

are using antennas in open fields, with 
the transmitter building located from 
100 to 500 feet from the base of the 
antenna. A small tuning house is lo- 
cated at the base of the antenna, and a 
transmission line brings power from the 
transmitter. When a concentric line is 
used, it may be supported on short 
posts but more frequently it is buried 
underground. When buried, it is out 
of the way and is safe from damage. 

[Continued on page 43] 

RUSSIAN "TALKING 
PAPER" 

72 SPRING STREET NEW YORK, N. Y. 
EXPORT DIVISION .:ICK STREET NEW YORK . N.Y. CABLES.: "ARLAB 
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Paper reproduction of film sound- 
tracks are now printed by litho- 
graphic and typographic means, as 
many as 10,000 copies being made 
from one original. Above is a 
phototube pickup for use with the 
paper copy, invented by tlje Soviet 

Engineer, B. P. Skvorsov 
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11fl1er I nganin winding of 
O. ohm decade 

Aryton -Perry windings of the 
I -, 10 -, and 100 -ohm decades. 
The 1,000- and 10,000-ohm dec- 
ades are unifilar windings on 
mica cares. 

Quadruple -leaf, p'sosphor - 

bronre switches. Contact sur- 
faces of leaves are ground flat 
to act es four independent 
brushes. Contact resistance 
only 0.002 ohm. 

Contact studs Ys inch in di- 
ameter, ground flet. Gear-type 
positive d e t n t mecnenism. 
Entire un't shielded behind 
panel. 

1937 MEASUREMENTS 
YOU are not making your 1937 equipment from 1927 designs; neither should you be 

making measurements with obsolete apparatus and accessories. Modern laboratory 
technique demands increasingly accurate resistance measurements; measurements which 

cannot be made with instruments 10 years behind the times. 

General Radio Type 602 Decade -Resistance Boxes are thoroughly modern; they are 
equipped with the latest electrical and mechanical improvements guaranteeing accuracy 
of the highest order. 

FEATURES 
PERMANENT CALIBRATION 

THOROUGH AGING 

ACCURATELY ADJUSTED RESISTANCE VALUES 

LOW TEMPERATURE COEFFICIENT 

LOW INDUCTANCE AND CAPACITANCE WINDINGS 

NO APPRECIABLE FREQUENCY ERROR BELOW 50 KC 

LOW AND CONSTANT CONTACT RESISTANCE 

PROTECTED WINDINGS AND SWITCHES 

POSITIVE DETENT MECHANISMS 

SHIELDED CABINETS -NO BODY CAPACITY EFFECTS 

NINE SIZES BETWEEN 0.1 TO 111 OHMS AND 1 TO 111,110 

OHMS 

l'rices on the Type 602 Decade- Resistance Boxes range between $25.00 and $70.00. 
These boxes are too necessary for you to afford to be without. Why not modernize the 
resistance measurements section of your laboratory? 

Write for Bulletin 115 -E for complete information 

GENERAL RADIO COMPANY 
30 State Street Cambridge, Massachusetts 
New York Los Angeles San Francisco 
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Cl-or the Bi.q Broadcasts/ 
of Every Year- 

LEHIGH 
VERTICAL RADIATORS 

Lehigh offers you many years of experience in the 
field of designing, fabricating, galvanizing and 
erecting steel in order to obtain the mc st efficient 
and economical radiator to meet your requirerr ents. 

USERS OF LEHIGH VERTICAL RADIATORS 
Le,Crs;, He 

WMEX Chelsea, Massachusetts . 150 foot 
WJIM I;ansing, Michigan . 177 foot 
KADA .Ada, Oklahoma 180 foot 
WHOM Hoboken, New Jersey 170 foot 
KWBG Hutchinson, Kansas 150 foot 
KVSO Ardmore, Oklahoma 180 foot 
WMFR High Point, North Carolina 180 foot 
WGB1 Scranton, Pennsylvania 264 foot 
WRAW Reading, Pennsylvania 175 foot 
WKAQ Puerto Rico 242 foot 
KPDN Pampa, Texas 170 foot 
WINO West Palm Beach, Florida 180 foot 
WTEL Philadelphia, Pennsylvania 177 foot 
WCNW New York, New York 229 foot 
WNLC New London, Connecticut 191 foot 
KGFF Shawnee, Onklashoma 277 foot 
KANS Wichita Ka 180 foot 
WJZ Bound Brook, New Jersey 640 foot 
WAPO Chattanooga, Tennessee 203 foot 
WGNY Chester, New York 204 foot 
WHP Harrisburg, Pennsylvania 325 foot 

Brazil, South America 204 foot 
KTEM Temple, Texas 170 foot 
WSAN Allentown, Pennsylvania 170 foot 
WAZL Hazleton, Pennsylvania 140 foot 
KFYO Lubbock, Texas 140 foot 
KFJR Marshalltown, Iowa .. 215 foot 
KGFG Oklahoma City, Oklahoma 204 foot 
WBLK Clarksburg, West Virginia 239 foot 
Philco R.&T. Co. of Philadelphia, Penna. 110 foot 
(MO.-C.O.C.Q. Havana, Cuba 277 foot 

4 

Aerial view e 

Vertical Rediak r 

WJZ Bould fr 
station of 

610 ft. Lehigh 

at Radio Station 

so-<, N. J. (Key 

's Blue Network.) 

17 Battery Place New York, N. Y. 

Plant at- Allentown, Pa. 
Branch Offices in Principal Cities 
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The one danger in a buried line is that 
water will leak into it. To guard against 
this, all joints in the line are carefully 
sealed. As a further precaution, the 
line is usually filled with dry nitrogen 
gas at a pressure of two or three 
pounds. Any leak which occurs in the 
line will then show on a pressure gauge 
attached to the line. While gas filling 
is considered a desirable precaution 
where dependability is of prime 
importance, hundreds of unsealed in- 
stallations have given no trouble. 

Because of the ductility of copper, no 
allowance is necessary for expansion 
and contraction. 

The power flowing through a proper- 
ly terminated line is the product of the 
surge impedance times the square of 
the current. Since the surge impedance 
is accurately known in a concentric line, 
this is a very convenient measure of 
power. 

Many small broadcast stations use 
radiators on the roofs of buildings. 
Heretofore, the transmitter has usually 
been located near the roof, and the an- 
tenna has been connected directly to it. 
With the recent improvement in design 
of ground systems used on roofs, it has 
become apparent that no radio fre- 
quency fields from leadins should be 
permitted below the roof level. Two 
wire transmission lines going out of 
windows and up the outside of buildings 
are difficult to install, unsightly, and 
inefficient due to poor dielectrics in 

Transmission line termination connecting 
to antenna in an elevated situation 

their field. Concentric line has proven 
particularly convenient for this type of 
installations. In one 1000 watt broad- 
cast station, a line is carried 27 stories 
up an elevator shaft. 

A directional broadcast antenna sys- 
tem resembles two or more of the an- 
tennas just described, with the addi- 
tional requirement that the amplitude 
ratio and phase of the current in the 
two antennas must be adjusted to pre- 
scribed values. To obtain the proper 
phase relation, correct allowance must 
be made for the difference in length 
of the lines. This is easily done, since 
the measurement of velocity of propa- 
gation is quite simple. 

[Continued on page 44] 
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TRANSFORMERS 
by 

Your guarantee 
of HIGH STANDARDS 

TRANSFORMERS AND REACTORS for 
DIATHERMY APPARATUS 
RECTIFIERS 
PLATE SUPPLY 
FILAMENT SUPPLY 
FILTERS 

RADIO EQUIPMENT 
TEST INSTRUMENTS 
CATHODE RAY DEVICES 
INDUSTRIAL CONTROLS 
GENERAL PURPOSES 

Manufactured to your exact specifications or de- 
signed by our engineers to meet your requirements 

ALSO MANUFACTURERS Of 
SPECIAL R. F. TRANSFORMERS, INDUCTORS 

AND CHOKES 
SWITCHES 
TUBE SOCKETS 
PRECISION DIALS AND DRIVES 
FLEXIBLE INSULATED COUPLINGS 
RELAY RACKS, PANELS AND ACCESSORIES 
METAL CABINETS 
AVIATION RADIO PARTS 

CUSTOM BUILT APPARATUS 

For further information, WRITE 

ELECTRONICS DIVISION 

HWrade S 
A CORPOR TION 

CLIFTON NEW JERSEY 
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elli AMATEUR 
CCLAS 

S"B' TU BE 

(Zow 4(4 V U%Y, 2e0 Niaei%kr/Oez) 

SPEER 
GRAPHITE 

ANODE 

This coupled with the manufacturer's 
features of design, make it the equal of 
larger, costlier tubes with other anodes. 

Mancturers of tubes with Graphite 
Ant know that this important ele- 
ment lengthens the life, improves the 
,performance and inres the uniformity 

f their product. Use tubes with Speer 
Graphite Anodes for better service 
an&satisfaction. 

List of tubes with Speer Graphite 
Anodes and booklet on request. Write! 

SPEER CARBON COMPANY 
ST. MARYS, PA. 

To 
anfenna 
dipole 
elements 

Ir11 Concentric 

I L 
fo 

receiver i. 
El 

i 
3 

Concentric line tuning system 

Another unusual antenna system is a 
single radiator serving more than one 
transmitter. One such installation was 
described in October 1935 Electronics. 
Because of the great heights now de- 
manded for antennas this double use of 
a radiator should find many applica- 
tions. For instance, a quarter wave 
broadcast station radiator would make 
a fine radiator for a low frequency 
police transmitter, or a support for an 
ultra high frequency radiator. The serv- 
i_e of the broadcast station would be in 
no way impaired. 

There are occasional instances where 

MAGNETIC RECORDINGS 
FOR SHORTWAVES 

A large percentage of the pro- 
grams sent over the British short- 
wave system are magnetic record- 
ings made from previous broad- 
casts. Above is one of the Blatt - 
nerfone units used by the BBC 
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"What we want more than fastening economy 

is the BEST POSSIBLE ASSEMBLY JOB" 

A Parker -K Ion `A *seen 

Parker.Kalon Hardened Self- tapping Screws are used to hold molded plastic handle locator 
to molded electrical receptacle in handle tube; to hold molded plastic bearing head to 

molded plastic motor ease body; to hold metal light reflector to molded motor ease; to hold 
fibre insulator in electrical plug; to hold metal ventilating duct cover in molded motor hood, 

INSISTENCE on quality is clearly evident in the 
new "HOOVER ". One look at this modern cleaner 

and you know that the engineers in The Hoover 
Company meant what they told a Parker -Kalon 
Assembly Engineer . . . "we want the best possible 
assembly job ; fastening economy comes second 
here ". The five important assemblies shown arc 
being made with Parker -Kalon Hardened Self -tap- 
ping Screws only because it was possible to prove 
conclusively that they would make stronger fasten- 
ings, as well as reduce time, work and costs. 

Famous for the economies they effect in making 
fasteningito metal and plastics, Parker -Kalon Hard- 
ened Self- tapping Screws are often overlooked when 
the prime consideration is security. Yet it is a fact 

. proved by scores of concerns like HOOVER and 
by unbiased laboratories . . . that these unique 
Screws hold more securely than machine screws, bolts 
and nuts, and similar ordinary fasteners. They do 
a better job . . . in addition to saving time, labor 
and money by simplifying fastening jobs. 

Use this specialized knowledge 
to determine what you can gain 

Right now your assembly work probably holds worth- 
while opportunities for using Self -tapping Screws 
to make better, stronger fastenings at lower cost. 

It will pay you to hunt them out. And it is easy to 
do ... if you use the specialized knowledge of Parker - 
Kalon Assembly Engineers. 

Your invitation will bring one of these Engineers to 
go over your fastening jobs with you. He will offer 
no "cure- all ". A background of practical assembly 
work fits him to render intelligent aid. And his 
specialized knowledge enables him to recognize the 
many different types of assemblies which Hardened 
Self- tapping Screws WILL make better and cheaper. 
Because in 7 out of 10 cases he has helped production 
and design men to obtain desirable benefits, there is 
an excellent chance that he can help you, too. 

PARKER -KALON CORPORATION 
198 Varick Street New York, N. Y. 

PARKER -KALON Re,h42 FASTENING DEVICES 
c',1_, Ci -Ji 

inunie- ozol_ . A HARDENED SELF -TAPPING SCREW FOR EVERY KIND OF ASSEMBLY 

SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS 
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for 
Dependable 

Results-- 
f rom 

Amplifiers 

Rectifiers 

Filters 

Transmitters 

Use AMERTRAN 

TRANSFORMERS 

Leading broadcasting s t a f i o n s 

throughout the World s e l e c t 
AmerTran Transformers for all re- 
quirements because they are de- 
pendable. This is just as true of 
small audio components as of large 
rectifier and modulation equip- 
ment. Every unit is conservatively 
rated and fully meets performance 
guara ntees. 

AmerTran Transformers and Re-. 

actors are available for every ap- 
plication in electronic circuits. 
May we have the opportunity to 
quote you on equipment for your 
requirements? 

Send 

for 
Bulletin 

1002C 

for 
Complete 

Data 

AMERICAN TRANSFORMER 

COMPANY 
178 EMMET ST. NEWARK. N. J. 

QUALITY TRANSFORMERS SINCE 1901 

1() 

it is desirable to locate a radiator sev- 
eral thousand feet from the transmitter. 
One broadcast station is now planning 
a 4200 foot concentric transmission line 
to a vertical radiator. 

In ultra high frequency work concen- 
tric lines have still greater advantage 
over balanced lines. The latter are diffi- 
cult to balance at these frequencies, and 
even when balanced the separation is a 
large enough portion of a wavelength 
to permit appreciable radiation. The 
half wave vertical radiator usually used 
at these frequencies can be coupled to 
a concentric line by various means dis- 
cussed in August 19353 Electronics. 

On police cars the ultra high fre- 
quency antenna is mounted vertically at 
the rear of the car. By using concentric 
line the transmitter may be located in 
any convenient part of the car. With 
a line as short as is used in a car, it is 
not necessary to match impedance at 
the antenna end. When not matched, 
the line transmits reactive as well as 
resistive components of the load impe- 
dance, as well as transforming these 
components to new values. Antenna 
tuning is then necessary in the trans- 
mitter. The standing waves on the line 
increase loss somewhat above that for 
a properly terminated line, but this 
factor is negligible on a short line. 

Low Frequency Carrier 
Controls Water -Heater 
Load 

THE PEAK DEMAND of the Idaho Power 
Company's system has been reduced 
by several hundred kilowatts, by the 
use of carrier- current control which 
automatically turns on and off the 

for 
mooth 
Control of 

Voltage 
To regulate 

A. C. Lines 

Power 

Speed 

Heat 

Light 

Use TRANSTAT* 
REGULATORS 

Used for numerous voltage -control 
applications because of its many 

advantages over resistive and tap - 
changing devices. Features are: 
High efficiency, good regulation, 
great flexibility. Voltage may be 
changed gradually, and without in- 

terrupting the circuit, from zero to 
values higher than line voltage. 
Well suited for large and small 

voltage -control problems. Equip- 
ment available for manual, motor, 
and automatic control of voltage 
of any commercial frequency in 

single -phase or polyphase circuits. 
Patents 1,993,007 and 2,014,570; other patents 

pending; Transtat trade -mark registered U. S. 

Patent Office. 

Send 
for 

Bulletin 
1176 
for 

complete 
data 

AMERICAN TRANSFORMER 
COMPANY 

178 EMMET ST. NEWARK. N. J. 

A carrier -current relay similar to 
those used in water -heat control QUALITY TRANSFORMERS SINCE 1901 
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CAPACITORS 
for every 

ENGINEERING REQUIREMENT 
SPECIALIZATION ... specialization in the manu- 
facture of quality condensers, exclusively . 
which has inspired the CORNELL -DUBILIER 
organization throughout its twenty -seven years 
of achievement - has made the dream of 
yesterday the accomplished fact of today. 

Broadcasting stations; United States 
Navy, Army, Signal Corps, and other 
governmental divisions; telephone com- 
panies; manufacturers of receivers, 
transceivers, transceptors and trans- 
mitters; engineers, amateurs and 
servicemen - the Cornell- Dubilier or- 
ganization supplies the condenser 
needs of all with performance pIus! 

No more expensive shopping . . . no 
more testing . and no more ex- 
perimentation. C-D engineers have a 
design for every requirement. 

MICA DYKANOL PAPER 

WET AND DRY ELECTROLYTIC 

FOR DEPENDABLE PERFORMANCE . . . 

standardize on C-D CAPACITOR S 

World's largest exclusive manufacturer 

of capacitors for more than 27 years. 
Complete descriptive literature free on request. 

CORNELL- DUBILIER CORPORATION 
1006 Hamilton Blvd. So. Plainfield, N. J. 
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THEY MAY SAVE YOU THOUSANDS OF DOLLARS 
THE failure of a resistor or rheo- 

stat sometimes means shut. 
downs, production delays -the 
needless loss of time, labor, dollars. 

That is why we keep emphasizing 
our quality, service and complete 
reliability. Hardwick, Hindle has 
earned its outstanding reputation 

because it never spares expense 
in making the finest electrical resist- 
ance products that can be devised. 

Any Hardwick, Hindle product 
that you buy will safeguard, year 
after year, your business investment 
and maybe your reputation. Please 
consult us before you order again. 

Write for further information ... and remember 
the mark ® means reliable rheostats and resistors. 

HARDWICK, HINDLE Inc. 
136 PENNINGTON ST.- NEWARK, N J 

ffideAtiec( 
INSULATED RESISTORS 

2 tzainj 

3 

1 
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3 
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SPEER CARBON 
C O M P A N Y 
ST. MARYS, PA. 

Take at least 39 years of expèrience in the 
production of high- quality carbon products, 
plus constant research and development, and 
form the carbon resistance element so that 
its characteristics are accurately uniform, no 
matter how many million are made. 

Spray metallic copper to form a thoroughly 
bonded cap at each end of the resistance 
element -with unfailing uniformity. 

Use tinned copper wires and coil the ends 
for a force fit over the copper caps. 

Assemble the resistance unit and the wires. 
Form a molded Bakelite insulating shell em- 

bedding the assembled units securely beyond 
all ch ance of separation or internal movement. 

Spray bands of color on the shell to iden- 
tify the resistance in conformity with the 
R. M. A. code. 

Back the product with facilities capable of 
7 meeting any and all delivery requirements 

and a priceless reputation that will be main- 
tained regardless of what happens. 

All these specifications are met by Speer. Rely on Speer 
for Insulated Resistors and other quality carbon and 
graphite products, including graphite anodes for radio 
tubes, motor and generator brushes. 

Iii 

water -heat appliances of the customers. 
Frequencies of 480 and '720 cycles per 
second are sent out over the power 
distribution line by the central station 
operator. This current energizes re- 
lays in the customer's heater, throwing 
it on or off depending upon the type 
of carrier impulse received. In this 
manner the central station operator is 
capable of releasing a large part of 
the load on the system at his own dis- 
cretion according to the demands of 
other services. Since one customer in 
every five heats water electrically, this 
automatic control feature is of con- 
siderable importance in reducing the 
overall peak load of the system. 

o 

Rotating Disc Used in the 
Ignitron Welding Timer 
THE USE OF A ROTATING disc, containing 
pins plugged in around its circumfer- 
ence for the inductive control of igni- 
tron welding tubes has been announced 
in a recent development of the Westing- 
house Company, in Pittsburgh. The 
disc is driven synchronously at a rate 
of one rotation per second and con- 
tains 120 holes, each corresponding 

Rotating-disc ignitron welding 
timer 

(4 
to one -half cycle of welding current. 
Steel pins are plugged into the holes 
according to the particular timing de- 
sired. These pins pass through a 
magnetic circuit as the disc revolves 
and supplies the control voltage neces- 
sary for the ignitron tube. Ignitrons 
are used since no voltage higher than 
line voltage is required and the need 
of contactors and transformers is elim- 
inated. 
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Inductance Forms by ISOLANTITE are 
1. Efficient_Low in dielectric losses. 

They increase power output. 
2. Economical -Large or small quanti- 

ties produced without expensive tools. 
3. Precise- Uniformly close tolerances. 

They fit. 
4. Sturdy- Winding and mounting ac- 

complished without breakage. 
5. Clean Cut -They improve the ap- 

pearance of equipment. 
Leading manufacturers of military, 

naval and commercial short wave radio 
equipment use them. 

Why adapt your equipment to a coil 
when the coil should be designed for 
the equipment? Special forms by 
ISOLANTITE cost little more and will 
accomplish the ultimate in performance. 

ISOLANTITE 
CERAMIC INSULATORS 

233 Broadway. New York, N. Y. 
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THE ELECTRON ART 
EACH month the world's technical literature is scanned to 

see what physicists and engineers are doing with tubes, for 
presentation in tabloid form to Electronics' readers. 

Ultra High Frequency Diode 
With Movable Anode 
A DIODE VACUUM TUBE voltmeter for 
wavelengths as short as 20 cm. has 
been developed for the purpose of over- 
coming the frequency limitations of 
conventional diodes, and is described 
by Manfred von Ardenne, pp 117 -121, 
in the October 1936 issue of Hochfre- 
quenz. u. Elektroacoustik. 

The errors generally introduced at 
ultra high frequencies due both to the 
finite electron transit time in the diode 
circuit and to the reactive voltages 
developed across the connections to the 

tube elements have been minimized in 
this new low capacity diode. The 
transit time error is reduced by mak- 
ing the distance between electrodes as 
short as 5x10-3 millimeters. This is 
accomplished by means of a micrometer 
movement and glass spring mechanism, 
shown in the photos, which controls the 
distance of the movable cathode from 
the anode. The plate to cathode capaci- 
tance is only 0.4 µµf. and the plate lead 
is 10 millimeters long. The leads to 
the tube have a total self- inductance of 
9x10-° henry, which minimizes the pos- 
sibility of losses from the reactive 
voltage drops appearing across the 

llilltfllU]ilUllillüUtlt4iuluil! 
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The diode for the high frequency vacuum tube voltmeter. Pressure 
on the bellows at the right changes the spacing between the filament 

and anode 

The high frequency rectifier in its mounting and ready to be con- 
nected to its amplifier and measuring circuit 

50 

leads. With this construction even at 
1500 megacycles (20 cm.) measure- 
ments made with the device are reliable 
and practically free from error. 

The cathode consists of a tautly 
drawn tungsten wire which draws 
about 2.2 amperes heater current. A 
tiny center tapped filament voltage di- 
vider is placed in the envelope, and the 
connections from it and from the fila- 
ment are brought out to three connect- 
ing caps. The anode lead extends right 
through the glass envelope at the side 
opposite to the glass spring. The 
triple -bellow structure also shown in 
the photo constitutes the flexible mech- 
anism, i.e. the glass spring, to which 
the pressure is applied from the mi- 
crometer for moving the cathode in one 
or the other direction within the en- 
velope. 

In practice pressure is applied to the 
glass spring by turning the micrometer 
mechanism until the cathode touches 
the plate. At this point there occurs 
a sudden reduction in cathode tempera- 
ture due to heat conduction away from 
°the cathode. Injury to the cathode is 
prevented by a filament series resistor. 
The microscopic drive is then backed 
up until the two electrodes are again 
parted. The reluctance of the metals 
to separation after contact, limited 
the shortest distance between electrodes 
to magnitudes above 2x10' millimeters. 
Three resistors controlled the voltage 
ranges of the laboratory model between 
the limits of -a, to 7, to 35 and to 140 
peak volts, for frequencies up to 1500 
megacycles. 

I.R.E. Index 
WITH THE PUBLICATION, early in Janu- 
ary, of its cumulative index of articles 
appearing in its proceedings, the In- 
stitute of Radio Engineers has made 
available a handy and much needed 
reference index on radio engineering 
subjects. This index includes all of 
the articles published in the proceed- 
ings during the past twenty -five years, 
arranged chronologically, by subject 
matter, and by authors. Copies of 
this index are available from the In- 
stitute of Radio Engineers, 330 West 
42nd Street, New York City, at $1 
per copy. 

o 

Diathermy Interference Study 
IN AN EFFORT to determine the extent 
and effect of interference produced by 
high frequency diathermy equipment, 
the Federal Communications Commis- 
sion has issued permission to the Gen- 
eral Electric Company to operate high 
frequency generators in the vicinity of 
13 megacycles. No call letters have 
been assigned for this experimental 
work. 
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BROADCASTERS 

VNLL'8° MANS 

USES FOR THIS 

NEW 2 -IN -1 MAKE 

Shaker Salt_ , 
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0 

non-directional 
on the acoustic 

bo 

Western 
Electric 

broadcast Quality 
an 
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amazingly 
Its cost 
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Distributed by GRAYBAR Electric Co. InCanpda: Northern Electric Co., Ltd. 
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CONSERVATIVE 
WATT RATINGS 

RESISTORS 
Ward Leonard has never over- 
rated their product to meet a 
space limitation or to confuse a 
price issue. Ratings are and al- 
ways have been true to actual 
laboratory tests. When you spe- 
cify a Ward Leonard unit you 
are assured of dependable service. 
The Ward Leonard Line is com- 
plete. 

BULLETIN #11 describes Vitrohm 
Wire Wound Resistors, giving 
sizes and watt ratings. 

BULLETIN #19 tabulates Ward 
Leonard Ribflex Heavy -Duty Re- 
sistors with continuous and inter- 
mittent duty tables. 

BULLETIN #22 covers Non -In- 
ductive, Non -Capacitive Plaque 
Resistors. 

BULLETIN #25 shows various 
types of standard and special 
Mountings and Enclosures. 

WARD 
LEONARD 
RELAYS -RESISTORS -RHEOSTATS 

WARD LEONARD ELECTRIC CO. 

32 South Street 
Mount Vernon, N. Y. 
Please send me bulletins number 

Name 

Firm 

Address 

City State 

52 

RADIO D -F FOR SURVEYING 

This German radio direction- 
finder, similar to that used for 
"homing" purposes in aircraft, 
makes use of a loop antenna and 
vertical dipole for land surveying. 
It was constructed for the German 
Army by the Telefunken Company 

of Berlin 

Power Supply System 
for Electric Clocks 
A NEW TYPE of source of accurate 
frequency power for operating a num- 
ber of clocks has been developed by 
the General Electric Company and is 
described by M. S. Mead, Jr., and J. H. 
Reed under the title "A New Power 
Supply System for, Electric Clocks" 
in the December 1936 issue of the 
General Electric Review. This source 
of power does not have extremely high 
frequency Wecision,: but the results 
obtained for over a year show a devia- 
tion of about one second. 

Essentially the power supply sys- 
tem consists of a tuning fork con- 
trolled oscillator, a buffer amplifier, 
and an inverter usigg two thyratrons. 
A tuning fork control unit was used 
because the mass and elasticity which 
determi e the natural frequency of 
the forks are constant quantities. They 
are - somewhat affected by variations 
in frequency, but this variation can 
be overcome by operating the fork at 
sensibly constant amplitude. The af- 
fects 'of barometric pressure on the 
variation of the frequency are not suf- 
ficient to cause an error greater than 
about 3/10 of a second per day under 
the conditions in which the unit is 
operated. The tuning fork is made 
of maginvar which has a very low 

VIBRATING -REED 

FREQUENCY METERS 

B ECAUSE it has no pivots, Jew- 
els or rotating parts, and is 

independent of wave form, the 
Frahm Frequency Meter offers an 
exceedingly simple and reliable 
way to indicate power frequencies 
between 15 and 400 cycles per 
second. Miniature, switchboard 
and portable types are available. 

Write for descriptive Bulletin 1415 -E. 

JAMES G BIDDLE CO. 
".aINSTRUMENTSI 
a,i F 

ELECTRICAL 

1211 -13 ARCA STREET PHILADELPHIA. PA. 

AC/1.L0 6/21caá.£ 
IN THCLAB-.. 

These Electric 
PRECISION TIMERS 

Accurate, split- second timing of tests 
in your laboratory may be the means 
of saving thousands of dollars for 
your firm in its purchase of the 
right materials for every job. There 
are several models, all with handy 
remote control switch, large dials 
mounted in attractive walnut cases. 
Will measure down to 1 /200th of a 
second. 

30 -Day Free Trial 
Write today for literature, prices, and our 

liberal 30 -Day Free Trial Offer. 

THE STANDARD ELECTRIC TIME CO. 

Springfield, Massachusetts 

Branch Of/ices in Principal Cities 
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11 IKEWISE the "spice" of CANNON Plugs -over 600 fittings (varying from 

1 to 34 poles) for special purposes- thousands of stock parts always on hand 
. . . These make possible an almost infinite number of combinations, enabling us 

to supply unusual needs with unusual speed without sacrificing Quality . . . Leaders 

in the airplane and the sound recording industries standardize on CANNON Cable 

Connectors for Safety, Service and Economy. 
Ask for your copy of General Plug Catalog or Special Airplane Plug Catalog 

C A B L E A N CONNECTORS 

420 WEST AVENUE 33, LOS ANGELES, CALIFORNIA 

ELECTRONICS - March 1937 53 



CONCENTRIC TRANSMISSION LINE 
For Conducting Radio Frequency Power 

DEPENDABLE PERFORMANCE 

SIMPLE INSTALLATION 

COMPLETE SHIELDING 

Lines are available in sizes suit- 
able for power ranging from 500 
kw. down to receiver circuits. 
Gas filling equipment and elec- 
trical terminating equipment are 
also supplied. 

Your inquiries regarding applications of 
concentric transmission line are solicited. 

DOOLITTLE & FALKNOR, Inc. 7421-23 S. LOOMIS BOULEVARD 
CHICAGO, ILLINOIS 

A 
Complete 
Line 

TYPICAL THEATER UNIT 

THE "MONITOR" 

For Every Use from the Broadcast 
Control Room to the Largest Auditorium 

Lansing will furnish High fidelity Speaker Sys- 
tems for every application. In all these systems 
types 284 and 15XS driver units are used on High 
Frequency Multicellular and folded Low Frequency 
Exponential horns. A series of horns is available 
to give any required type of coverage. 
Complete specifications will be furnished to all 
inquirers giving detailed information regarding 
their requirements. 

"'See advertisement in February Electronics 

LANSING MANUFACTURING CO. NI 6900 McKinley Los Angeles, California 
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temperature coefficient of frequency. It 
is contained in a temperature con- 
trolled compartment at 60 -±- 0.1° C. 
The vibration of the tines of the fork 
control the frequency of the current 
flowing in the pick -up coil which is 
then fed to the grid of the vacuum 
tube oscillator. A rheostat in the 
pick -up coil circuit permits the fre- 
quency to be adjusted over a small 
range. The output of the oscillator 
is fed to a buffer amplifier which in 
turn controls the thyratron inverter. 

The thyratron inverter includes a 
pair of FG -67 tubes in a self- excited 
circuit, the frequency of which is con- 
trolled by the oscillator. The output 
of the inverter is fed to forty clocks 
throughout the plant, but the unit is 
capable of operating as many as 125 
clocks. 

A feature of this power supply sys- 
tem is that the frequency generating 
unit is comparatively small in size, 
contains no moving mechanical parts, 
operates from 115 volts d.c., and except 
for tube replacement requires prac- 
tically no maintenance attention. 

Symposium on Metals 
Several of the papers presented at 

the recent symposium on metals at the 
Massachusetts Institute of Technology 
dealt with subjects of interest to elec- 
tronics engineers. 

In a paper on The Uses and Limi- 
tations of X -Ray Diffraction Methods, 
Prof. John T. Norton of M.I.T. out- 
lined some of the fields in which useful 
results can be obtained by x -ray dif- 
fraction methods. These include iden- 
tification of metallic phases, determin- 
ation of the composition of homogen- 
eous phases and the range of compo- 
sition in non -homogeneous phases. 
Crystal orientation can be accurately 
measured and heterogeneous stress 
systems producing lattice distortion 
can be studied. 

Dr. A. W. Hull of the Research 
Laboratory, General Electric Co. spoke 
on Properties of Glass Sealing Alloys, 
pointing out that the two requirements 
of a glass sealing alloy are a low 
coefficient of thermal expansion in or- 
der to match the expansion of prac- 
tical glasses, and non -linear expansion 
having a transition from low to high 
expansion in the region of 400 °C. 

The first condition is satisfied by 
tungsten, molybdenum, platinum, and 
certain iron -nickel and iron -chromium 
alloys, but only iron -nickel and iron - 
nickel- cobalt alloys fulfill the second 
condition. In the iron -nickel alloys 
the transition occurs at too low a tem- 
perature to match any commercial 
glass, but it has been found possible 
to make special glasses whose expan- 
sion is very close to that of 42% nickel - 
iron alloy. These glasses are suitable 
for certain purposes. The transition 
temperature is raised by the addition 
of cobalt and reaches a maximum for 
18% cobalt, 28% nickel and 54% iron. 
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"The Standard by Which Others 
Are Judged and Valued" 

grERE is recording- microphone fidelity, right 
down to the finest detail ... an ideal toward 

which the industry has worked its way by slow and 
careful degrees. Not since the advent of the pick- 
up in 1926 has there been a development so im- 
portant to Recorded Music. Now ... listen to abso- 
lute facsimile reproduction . . . delightful to engi- 
neers and laymen alike . .. a real wide range pick -up 
performance that has made skeptical technicians ex- 
claim, "That's THE answer to the problem!". 

ADDAX 
Magneto -Inductive Pick -ups 
Built on the identical principle employed in the 
actual making of the Higher Fidelity records. Posi- 
tive, unfailing, unvarying ... immune alike to heat 
and to humidity ... used throughout the world in 
foremost Broadcast Stations, Theatres and Labora- 
tories. A model for every need, from the humblest 
midget portable to the most exacting transcription 
requirements. 

Listing at 89.50 to 8390.00 

AUDAX COMPANY 
500 Fifth Avenue New York, N. Y. 

"Creators of High Grade Electrical and Acoustical Apparatus Since 1915" 
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The Beginning 
of the end 
of your troubles 

Tube performance is just as depend- 
able upon material as upon design. 
Many tube troubles -especially in 
power tubes -are traceable to the 
plate and grid materials. 

For grids and plates, tantalum ap- 
proaches perfection more closely than 
any other material. It is an element, 
not an alloy, hence it is uniform. It 
is more easily cleaned and degassed. 
It is easily formed and fabricated. It 
is not embrittled at high temperatures 
in vacuum. It is a natural "getter," 
absorbing gases liberated by other 
tube parts. As a grid, its secondary 
emission characteristics are controll- 
able. 

Tantalum wire and sheet are espe- 
cially prepared for use in tubes. Com- 
plete anodes are made to exacting 
specifications. 

Leading manufacturers of power 
tubes are using more tantalum parts 
every month. Perhaps tantalum will 
solve a difficult problem for you, too. 
Our research staff is willing to coop- 
erate. 

ELECTRICAL CONTACTS of tungsten, molyb- 
denum, platinum, silver and alloys, designed 
and made by Fansteel, afford extra dependa- 
bility in relays and other electronic operated 
devices. 

FANSTEEL 
METALLURGICAL CORPORATION 

NORTH CHICAGO, ILLINOIS 

TANTALUM .:. . COLUMBIUM'.' 
TUNGSTEN MOLYBDENUM 

ELECTRICAL CONTACTS' - 
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A.S.A. Standards on 
Acoustics 

SEVERAL YEARS AGO the Institute of 
Radio Engineers took the first step in 
attempting to standardize acoustical 
terminology by issuing a report con- 
taining about forty terms relating to 
acoustics and electrico- acoustic instru- 
ments. This was followed by a report 
of approximately 150 terms published 
by the Acoustical Society of America. 
Extension of this work was then taken 
up by the American Standards Asso- 
ciation under the administrative lead- 
ership of the Acoustical Society. The 
A.S.A. Committee, representing ap- 
proximately thirty engineering and 
scientific societies as well as govern- 
mental agencies has just published its 
report on Acoustical Terminology, 
American Tentative Standards 224.1- 
1936. Copies are available at twenty - 
five cents each from the American 
Standards Association, 29 West 39th 
Street, New York City. Other stand- 
ards completed by A.S.A. Committee 
on Acoustics, which are also available 
at twenty -five cents, are Standards on 
Noise Measurements, Z24.2 -1936 and 
Standards for Noise Level Meters, 
Z24.3 -1936. 

EXHIBITS TUBE DEVICES 
TO A.A.A.S. 

Yes we make 

LEGS 

A BOVE are illustrated 
our new type of eyelet 
lugs DJ, G-2, H-3 and I -+ 

typical of the pre- 
cision work now being 
done in our Stamping 
Department. 

We work with equal 
facility in steel, brass, 
copper and bakelite. 

Manufacturers and lab- 
oratory executives are in- 
vited to submit their 
problems to our techni- 
cians. Let us quote on 
your present require- 
ments. 

Complete Catalog on Request 

AHI erecan 
RADIO HARDWARE CO., INC. 
476 Broadway New York, N. Y. 

SHALLCROSS 
Instrument Switches 

Type 530 

Single and Double 
Deck 

7,- 
111111111111.1. 

Frank Shepard (third from left) 
of RCA Radiotron shows his elec- 
tronic speed indicator to Chief 
of Police McMenamin, Director 
of Public Safety Cuthbert of At- 
lantic City, and Dr. Otis Caldwell, 
General Secretary of the American 
Association for the Advancement 
of Science, at the recent conven- 
tion of that society held at Atlantic 

City 

The 530 Instrument Switch 
has been designed to provide 
a high grade inexpensive ro- 
tary switch of many contact 
points, to be used in instru- 
ment circuits for the selection 
of ranges, tapping resistances, 
transformers, laboratory test 
equipment and many other 
uses. 

Write for Bulletin 530 -A 
for details and prices. 
SHALLCROSS MFG. CO. 

COLLINGDALE, PA. 
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 Here are but a few of the infinite variations 
possible with Centralab Switches. Whatever your 
requirements there is a positive, bull -dog contact 
switch which can be designed and produced to 

meet your particular circuit requirements. They 
are engineered to meet Centralab's exacting 
standards of quality. » 

CENTRALAB 
MIL 

BRITISH CENTRALAB, LTD 
Canterbury Rd., Kilburn 
London N. W. 6 England 

» » 

Division of Globe -Union Inc. 
WAUKEE, WISCONSIN 

FRENCH CENTRALAB CO. 
118 Avenue Ledru-Rollin 

Paris XL France 

Ccii 
SelecTor Switches 
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TONE SWITCHES 

WAVE BAND SWITCHES 

LOCAL DISTANCE 
SWITCHES 

HIGH FIDELITY 
SWITCHES 

INPUT OUTPUT 

REVERSAL SWITCHES 

SHORT WAVE 
LOW LOSS 

ISOLANTITE SWITCHES 
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NEW 
AP3 -1 8 

PORTABLE SPEECH 
INPUT EQUIPMENT 

Endorsed by leading 
Broadcast Stations 
Compact, high fidelity audio system in- 
corporating refinements ordinarily associ- 
ated with studio equipment. High gain 
remote amplifier and power supply, de- 
signed for use with either dynamic, veloc- 
ity or inductor microphone. Three channel 
input, each controlled by individual lad- 
der attenuators and wire wound tapped 
master gain potentiometer. Output feed - 

one or two broadcast loops simultaneously. 50, 200 or 250 ohm input as ordered. 
For operation with A.C. power supply shown or with battery box. Units connected 
by 6 ft. cable with lock type plugs. Overall gain 93 db. Tubes: 2 -77, 2 -6A6 
and 1 -80. 
The amplifier and power supply units mounted in sturdy reinforced fibre carrying 
cases with cover protecting the attractive, engraved dural front panels. Size of 
amplifier carrying case 93/4 x 11 x 20. Power supply case 9 x 20 x 93/4. Amplifier 
unit may be equipped with any standard type microphone input connector. Write 
for catalog sheets and prices. 

REMLER COMPANY, Ltd., 2101 Bryant Street, San Francisco 

REMLER -THE RADIO FIRM AS OLD AS RADIO 

USED BY LEADING BROADCAST STATIONS 

FAlILD- ROCTOR 
PICKUP 

Electrically and mechanically engineered 
to produce the finest and most uniform re- 
sponse throughout the entire audio range - 
with minimum record wear- Fairchild- 
Proctor Pickups are becoming standard 
equipment in the foremost broadcast sta- 
tions throughout the world. 

Light Weight - Scientific Balance by Adjust- 
able Counterweight ; Calibrated Needle 
Pressure Scale - Ball- bearing throughout - 
Minimum Record Wear - Extended Fre- 
quency Range, High and Low - Uniform 
Response - Non -Resonant - Non -Magnetic 
- Freely Damped - Selected Crystal - Pre- 
cision Manufacture. 

Write for Complete Catalog 

FAIRCHILD AERIAL CAMERA CORPORATION 
SOUND EQUIPMENT DIVISION 

62 -10 WOODSIDE AVENUE WOODSIDE, NEW YORK CITY 
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Design of Apparatus for 
Outgassing Electrodes 
[C. W. OATLEY AND J. B. SMITH, 
Wheatstone Laboratory, Kings Col- 
lege, London.] The essential parts of 
apparatus required are an r -f genera- 
tor and a solenoidal heating coil sur- 
rounding the piece of metal or a pan- 
cake coil close to a disk of metal to 
be treated. It is convenient to have 
a number of coils of different shapes 
and sizes, and an r -f transformer of 
variable ratio between heating coil and 
generator for matching impedances. 
The heat generated per second in the 
metal depends on the field strength and 
the frequency. Tests made at con- 
stant frequency and current with a 
coil 2i in. long, wound on a form 3 in. 
in diameter, with a varying number of 
turns, n, show that when heating hol- 
low cylinders the efficiency is a maxi- 
mum for R/n2 a minimum, where R is 
the resistance of the coil. It may be 
shown that the maximum is independ- 
ent of the number of turns when the 
coil with least resistance is used. The 
field E is a maximum when the fre- 
quency f satisfies the relation f = 
2.77 R, /L,, where R1 is the ohmic re- 
sistance and L, the self- induction of 
the transformer represented by the 
coil and the metal cylinder. For solid 
metals the efficiency is independent of 
the frequency. In practice a frequency 
of 100 kc. is a suitable value. The 
efficiency of the heating coil increases 
in this case with decreasing thick- 
ness and increasing resistance. Phil. 
Mag. 22 (No. 147) (453 -462. 1936). 

Tube noise (fluctuation 
noise) Between 150 kc. 
and 15 Mc. 

(H. ROTHE AND G. PLATO,TELEFUNKEN 
LABORATORY) The shot effect is the 
main cause of tube noise persisting 
over a wide range of frequencies. The 
theoretical formula for the shot effect 
does not apply to radio tubes owing 
to the existence of space charges which 
tend to even out the inevitable irregu- 
larities in emissions so that only a frac- 
tion, F, of the normal effect (the 
square root of twice the product of 
electronic charge e times saturation 
current i times band width w) is to be 
expected. In the case where an ohmic 
resistance is inserted in the plate cir- 
cuit the voltage which would have to be 
applied to the grid in order to produce 
the noisy portion of the saturation 
current i, measured in milliamperes, is 
given by 

v= F'2eiw /K, 
when K is the mutual conductance, in 
practice equal to ais, with a between 
about 0.6 and 1.8. Hence 

v =0.56 a a1/8 
' 

w(kc.) in microvolts. 
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SOLA COMPENSATOR VARIATION 

Atransformer designed to supply regulated 
power to devices requiring a constant voltage. 
Variations in line voltage are instantaneously 
corrected and a constant low voltage level 
maintained. This transformer is specially suited 
to low voltage applications such as photo- 
electric cells, X -Ray lamp filaments, exciter 
lamps, precision and recording instruments, 

and many others. 

Compensators are built to individual speci- 
fications, and quotations will be furnished on 

request. Specify expected line variation, reg- 
ulation required and a description of the load 
to be supplied. 

Patent No. 1893251 

STANDARD CAPACITIES FOR LAMPS O F : 

21 CP 32 CP 50 CP 

INPUT 

OUTPUT 

WEIGHT 
HEIGHT 

WIDTH 

LENGTH 

95 to 125 V -60 Cyc. AC 

63,; volts 

5 lbs. 9 oz. 

37' inches 

3A inches 
43' inches 

95 to 125 V -60 Cyc. AC 

634 volts 

7 lbs. 5 oz 

3N inches 

354 inches 

434 inches 

95 to 125 V -60 Cyc. AC 

634 volts 

11 lbs. 8 oz. 

37,8 inches 

4%8 inches 

4 34 inches 

SOLA ELECTRIC COMPANY CH CAGOOU 
¿N AVE. 
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OONMII4E 

CONTROL 
NO OTHER TYPE OF RHEO- 

STAT MADE CAN GIVE 

YOU THE SMOOTH, POSITIVE 

AND CLOSELY GRADUATED 

CONTROL OF POWER WHICH 

THESE NEW OOIHIMII1TCE 

RHEOSTATS AFFORD... 

SEND FOR CATALOG NUM- 

BER 16 DESCRIBING THESE 

AND OTHER OHMH TE 
QUALITY RESISTANCE 

OHMITE 

m4. 

OHMITE MANUFACTURING CO. 

4825 FLOURNOY ST. 
CHICAGO ILLINOIS 

RHEOSTATS 
RESISTORS 

AND TAP -SWITCHES 
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Changes in the plate current have, 
therefore, only a small influence, and 
for practical purposes i may be taken 
as 1 milliamp. The reduction factor F 
is determined by the electron emission 
from the cathode, the constant a by the 
dimensions and positions of the elec- 
trodes. A tube with a small a (that is, 
a small mutual conductance) produces 
less noise than a tube with a large 
mutual conductance carrying the same 
current. 

The formula deduced was tested by 
measuring with a calibrated radio re- 
ceiver the noise produced by various 
triodes and pentodes, taking 50 tubes 
of each kind, with a tuned circuit 
shunted by a resistance in the plate 
lead. The sensitivity of the receiver 
was adjusted by varying the grid bias. 
A d -c instrument was inserted in the 
plate circuit of the diode; the voltage 
was measured at the output tube. The 
band used was 4 kc. wide, the load 
20,000 ohms. For currents above 1 

milliampere the intensity of the tube 
noise was found to be constant, for 
weaker currents it increased with the 
logarithm of the current, which does 
not then give a K proportional to 
As is to be expected the noise increases 
in general with decreasing filament 
current, that is, with decreasing space 
charge. It is independent of the fre- 
quency between 150 and 1500 Ice. For 
currents of 1 milliampere, the order 
of magnitude may be found from the 
following table. 

Triode directly 

F a 0.56 F R 
a ( ohms 

heated 0.38 0.6 0.35 7200 
Triode indirectly 

heated 0.5 1.3 0.21 2600 
Triode indirectly 

heated 0.57 1.4 0.23 3100 
Pentode 0.6 1.5 9.23 3100 
R.f. pentode 0.75 1.75 0.24 3400 

In the r -f tubes of a receiver the noise 
is therefore of the order of one mi- 
crovolt. The last column contains the 
value of the resistance in which ther- 
mal agitation produces the same fluc- 
tuation noise as the emission does in 
radio tubes. The values of R are of 
the same order as those given for tubes 
by Pearson between 10 kc. and 12 kc. 
and a load of 50,000 ohms. (Telef. 
rohre No. 7:94 -108. 1936) . 

Booklet on Radio Reception 
Engineering Bulletin No. 19, pre- 

pared by the committees of the RMA, 
NELA, and EEI, and entitled, Good 
Radio Reception has been recently re- 
leased from the headquarters of the 
Radio Manufacturers Association, 1317 
F. St., Washington, D. C. The mate- 
rial presented was prepared as a step 
in the education of the public as to 
the fundamental conditions necessary 
for satisfactory reception in the home. 

The Dependable 
IRON CORE 
Any Molded Shape 

and the 

NEW LAMINATED 
MATERIAL 

IF and RF transformers using high fre- 
quency FERROCART CORES available 
from LEADING COIL MANUFACTUR- 
ERS for any large scale production. 

Definitely improves selectivity, gain 
and signal to noise ratio. GUARAN- 
TEED UNIFORMITY WITHIN CLOSE 
TOLERANCES -immune to temperature. 
humidity and age. 

Numerous United States and Foreign 
patents granted: additional patents 
pending. 

Advanced engineering service avail- 
able based on broad American and 
European experience. 

FERROCART 
CORPORATION OF 

AMERICA 
12 East 41 St., New York 

Cables HARAFORD Ne,. 

DU MONT OSCILLOGRAPHS 

INCORPORATE MANY ADVANCE 

FEATURES OF DESIGN 

Du Mont manufactures the most complete line 
of Cathode Ray Oscillographs. Models avail- 
able using 3, 5 and 9 inch Cathode Ray Tubes. 
Also an Electronic Switch and other acces- 
sory equipment including a complete line of 
Cathode Ray and Sweep Discharge Tubes. 
These products are in the sixth year of suc- 
cessful manufacture. Every Cathode Ray Tube 
used by Du Mont is engineered and manufac- 
tured in the Du Mont Laboratories. 

For detailed information write: 

ALLAN B. DU MONT Laboratories, Inc. 
UPPER MONTCLAIR, N. J. 

March 1937 - ELECTRONICS 



ee 
Erie Insulated Resistors are pro- 

tected by a pre- formed, uniform ceramic 
wall that will withstand 3,000 volts 
A. C. Because ceramic case is white, 
color code paint retains its true hue 
on application; is easy to read, cannot 
flake off. 

r m, rthrrsr ss+tiz ssrraslS ss. 16m. 1 
_.. ppNpl4dYNYV-. '_ 
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. w,.v.»yr.,u...yp,,. ....y.,.y¡..c. . 

1.442;7Alato, 4.74: ysA1 ñ 1J{ 
MPhil u MPhil nn u iiiaizi áumif bvu,.ts' 

Erie Insulated Resistors give uni- 
formly superior results in all standard 
tests for load, temperature, voltage, 
humidity and noise. We will be glad 
to send you a generous supply of 
samples to test in your own labora- 
tories. 

Erie Insulated Resistors are made 
in 1/4 and 1/2 watt sizes in all resist- 
ance values from a few ohms to several 
megohms. You can depend on them 
to maintain their actual ratings under 
all ordinary operating conditions. 

T W I C E A C T U A L S I Z E 

CARBON RESISTORS 
ERIE RESISTOR 

AUTOMATIC INJECTION CORPORATION MOLDING AND SUPPRESSORS 

TORONTO ERIE, PENNSYLVANIA LON DON 
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On thicknesses 1 / 16 " to 1/8" inclu- 
sive Dilecto XPLW has a remarkably 
low Power Factor of .0215 to .025 
measured at 106 cycles per second 
-and it does not increase more than 
I0% after 48 hours' immersion in 

water at 68° F. Dielectric Strength, 
volts per mil, tests 450/650. Dielec- 
tric Constant, measured at 106 cycles 
per second is 5.0/5.5 XPLW has good 
machining qualities -is readily fabri- 
cated. Send for samples. 

CONTINENTAL -DIAMOND FIBRE COMPANY 
NEWARK, DELAWARE 

Represented in Canada by Diamond -State Fibre Co. of Canada, Ltd., Toronto and Montreal 

Frequency Measuring Service tioRLDIO 
Many stations find this exact measuring serv- 
ice of great value for routine observation of 
transmitter performance and for accurately 
calibrating their own monitors. 

MEASUREMENTS WHEN YOU NEED THEM MOST 
at any hour every day in the year 

R.C.A. COMMUNICATIONS, Inc. 
Commercial Dept. 

A RADIO CORPORATION OF AMERICA SERVICE 

66 BROAD STREET NEW YORK, N. Y. 

The SIGMA RELAY 
MODEL 2 -A 

A 12 milliwatt semi- sensitive instrument for general 
electronic and industrial uses. 

It embodies the following features: 
Input 12 milliwatts, D.C. 
Hairspring adjustment. 
Single -pole -double- throw. 
Operable in any position at rated input. 
Fine Silver Contacta control loada up to lys amperes at 

110 volts A.C. 
Neatly housed in glass -topped dust cover. 
Mounted on 5- pronged plug -in base fitting standard V.T. 

socket. 
List Price 

With coil resistances up to 2,000 ohms $5.00 
With higher coil resistances up to 8,000 ohms 5.50 

SIGMA INSTRUMENTS, INC. 
388 Trapelo Road Belmont, Mass. 
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Selectivity of Radio Receivers 
[PIERRE DAVID, National Radioelectric 
Laboratory, Paris.] Selectivity may 
properly be defined as the degree to 
which the radio receiver is capable of 
differentiating between the desired sig- 
nal and signals of other carrier fre- 
quencies. Prolonged operation of a re- 
ceiver gives the best idea of its selec- 
tivity; short time tests in the labora- 
tory should imitate the conditions met 
with in practice. In general the re- 
ceiver is tuned to the frequency of a 
certain signal and its response to this 
frequency and to a series of neighbor- 
ing frequencies is studied, measuring 
in each case the ratio of output to in- 
put, preferably in decibels. The choice 
of the steps (f -f,) differs in the vari- 
ous countries; in France the steps are 
1, 3, 5, 10 and 20 Ice. off resonance, in 
Germany they are one -fourth of the 
frequency separation between desired 
and undesired signals; in other coun- 
tries f -f, is increased by 10 kc. until 
100 kc. frequency separation or 80 
db. attenuation is obtained. The mod- 
ulating frequency is practically the 
same in all countries, 400 cycles per 
second except in Japan which uses 
1,000 cycles per sec. The degree of 
modulation is 30% (40% in Japan and 
50% in Poland). The selectivity is 
measured at three different wave- 
lengths, or in France at four different 
wave -lengths of the ordinary broad- 
cast band. 

The methods of measuring selectivity 
are by no means uniform. The tests 
made with the aid of a single r -f gen- 
erator may be made in two ways: (a) 
by keeping the input A constant, (equal 
to six microvolts, for instance) and 
measuring the output voltage B. This 
leaves out of account the fact that 
detection and audio amplifier stages, 
which present the least linear relation- 
ships in receivers, are thus operated at 
widely differing levels. (b) The out- 
put B is kept constant, equal to four 
milliwatts, for instance, or equal to 
the value used when determining the 
selectivity, and A is varied. Since the 
purpose is to study interfering signals, 
the output may be reduced to the level 
at which jumbling becomes noticeable, 
which is the case when the output is, 
normal output of 50 milliwatts (one 
watt in Russia). A higher output is 
often chosen for greater convenience 
so that the results may cease to re- 
main comparable. The curves obtained 
obey relations of the form f -f1 = AK', 
where K is the ratio of interference 
to signal, and A and b are constants. 

The tests with a single generator 
imitate but poorly the actual condi- 
tions in which a mixture of signls ar- 
rives at the receiver. A method using 
the two frequencies f and f, side by 
side is preferable but requires two r -f 
generators which can be started, 
stopped, modulated and tuned indepen- 
dently. It will then be found that the 
presence of two frequencies may pro- 
duce a beat, or that the first stages are 
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caused to operate in a region which is 
no longer linear, or in more serious 
cases the unwanted signal is so strong 
that it loads the first stages, the de- 
sired output decreasing with increasing 
strength of the interfering frequency. 

After having started the modulated 
signal frequency generator and ad- 
justed it so as to get a normal output 
B, three different tests may therefore 
be made with the aid of the second 
generator, in order to establish the se- 
lectivity of the receiver. In test (c) 
the modulation is suppressed and the 
amplitude of the interfering signal 
brought to a value (4 milliwatts) at 
which whistling exceeds the limit of 
tolerance. In test (d), after having 
again suppressed the modulation of f, 
the interference f, is modulated and 
the amplitude of f, noted at which it 
impresses its frequency upon the de- 
sired carrier (180 microvolts) with an 
objectionable strength (4 milliwatts) . 

Finally in test (e), the modulated sig- 
nal and the carrier of the jumbling 
frequency are applied to the receiver, 
and the amplitude of ft is noted at 
which it weakens the signal in a cer- 
tain ratio, about 3 to 12 db. 

Tests (a) to (e) carried out at the 
Laboratoire National Radioelectrique 
on the same receiver show that the 
different methods are far from giving 
the same results. Method (a) is likely 
to yield results which are too favorable, 
method (c) gives curves which are too 
steep and too narrow. Method (b) and 
(d) seem to be in fair agreement 
when all the stages work without dis- 
tortion. It is clear, however, that se- 
lectivity curves obtained by different 
methods, may differ by as much as 20 
db. for the same frequency separation 
f -f,. Adoption of uniform tests is 
therefore an urgent need. -(Onde el. 
15 (No. 177) : 533 -563. 1936) . 

Interference from 
Motor Cars 
A STATEMENT has been circulated to 
the effect that the BBC has established 
a department which is devoted to re- 
search in ear radio. This is incorrect. 
The BBC is not concerned with car 
radio; but it is interested in inter- 
ference with broadcasting caused by 
the ignition systems of many motor 
cars. Experiments are being carried 
out to see whether arrangements can- 
not be made to stop this nuisance, and 
it has been found that it is possible 
to put suppressors on almost any motor 
car so as to remove the causes of 
interference. This particular type of 
interference has not affected sound 
broadcasting to any great extent, but 
it may prove a menace to the tele- 
vision service if allowed to go un- 
checked. 

ELECTRONICS - March 1937 

Delco Automobile Radios embody the sound 
engineering principles that for many years have 
made the name Delco synonymous with quality 
and performance in other branches of the auto- 
motive industry. 

Delco Radios are equipped with 

GOAT FORM- FITTING TUBE SHIELDS. 

GOAT RADIO TUBE PARTS, INC. 
314 Dean Street, Brooklyn, N. Y. 

(A Division of THE FRED GOAT CO., INC., Est. 1893) 

A NEW PERMANENT MAGNET 

Dynamic Speaker 
A new development in a permanent 
magnet dynamic speaker which permits 
the removal of the magnet assembly 
from the basket, voice coil and cone 
assembly, without disturbing the magnet 
assembly, the center location of the pole 
piece or the strength of the magnet. 
Engineers and service men will readily 
appreciate this desirable feature in re- 
pairing and servicing this type of speak- 
er. Present production in 61/2" and 8" 
speakers. 

ARISTON MANUFACTURING CORPORATION 
4049 -59 Diversey Avenue Chicago, Illinois 

ELECTRONIC CONTROL DEVICES 
for industrial, manufacturing, safety, 
burglar alarm, advertising, and other 

purposes. 

Director of Research 

Prof. Leon Theremin 

Our engineering staff available to develop and 

consult with you on your electronic problems. 

CORP. 

37 West 54th Street 

New York. N. Y. 
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COLLOIDAL 
GRAPHITE 

..for Useful Films 

Aqueous suspensions of "dag" 
colloidal graphite yield highly 

tenacious films to a variety of 
substances. 

These films 

Retard corrosion; 

Dry with sharp boundaries; 

Possess a high "black- body" 
factor; 

Are homogeneous; 

Possess a matt -like finish; 

Absorb radiation; 
Promote radiation; 
Are electrically conductive; 

Resist electron bombardment; 
Are photo- electrically poor; 

Are radio -inactive; 

Are chemically inert. 

Two useful applications of such 

films in vacuum techniques are 

the formation of guard rings and 

the coating of complicated glass 

forms for shielding, "gettering" 
and opacity. 

Ask for Bulletins B12, 171, 191, 

230, A260, 8260. 

ACHESON 
COLLOIDS 
C 0 R PORATION,PORT HURON,MICH. 
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Note on the 
Performance of Electro 
Dynamic Loudspeakers 

(N. MEZEY) The power radiated by a 
loudspeaker is equal to the product, 
radiation resistance times the square 
of the velocity of the circular mem- 
brane or disk. When plotted as a func- 
tion of the ratio, diameter to wave- 
length, the radiation resistance in- 
creases until the ratio 1/3 is reached; 
above this ratio the resistance is prac- 
tically independent of the frequency. 
In order to have a constant radiation 
resistance from the highest to the low- 
est frequency, the wave -length of the 
lowest frequency to be used should not 
be longer than three times the diameter. 
In the case of a diameter of 3 metres 
this means a frequency of about 30 
cycles. For the diameters used in radio 
receivers, 20 to 30 cm., the radiation 
resistance increases necessarily from 
about 200 c.g.s. at 50 cycles to nearly 
30,000 at 1,000 cycles per sec., keeping 
this value at higher frequencies. In 
order to render the output independent 
of the frequency as far as the loud- 
speaker is concerned it is then neces- 
sary to adjust the diaphragm velocity so 
that at low frequencies it is inversely 
proportional to the frequency and tends 
to a constant value at 1000 cycles 
This condition may be fulfilled, at least 
partially, when the lowest resonance 
frequency of the loudspeaker as de- 
termined by the elastic surround and 
the mass is smaller than the lowest 
frequency to be radiated. If a force 
having a frequency higher than the 
resonance frequency acts upon an 
elastic system the amplitude produced 
decreases as 1 /f, the velocity as 1 /f. 

The author shows the results obtained 
in a circuit consisting of output tube, 
transformer and loudspeaker when this 
condition is not satisfied. With some 
loudspeakers the resonance frequency 
lies at 100 cycles per sec. Neglecting 
resonance in the secondary of the 
transformer, the stray field and the 
capacity of the secondary, maximum 
current in the transformer is obtained 
when 

(R22+X22) (R+R,+pZt)2 
(R+ RD' + (k2_1)2 p2L12 

when p is 6.28 times the frequency, R 
the internal resistance of the tube, k 
the coefficient of coupling and X. the 
mechanical reactance of the loud- 
speaker. The distortion at the reso- 
nance frequency is quite pronounced. 
In the example considered the mechan- 
ical reactance is given by 20p -7.02 x 
106 /p, approximately. (Onde el. 15 
No. 176 :487 -497. 1036) . 

LET US 
Send You a 
Guardian 

Relay 
Custom -Built to lour 

Own Specifications 

Uniformly reliable, Re- 
lays by Guardian are the 
answer to your circuit 
control problems. Send 
us your specifications 
and we'll gladly design a 
sample relay to show 
how we meet your spe- 
cific requirements. AND 
we guarantee that every 
relay we make for you 
in actual production will 
measure up to the high 
standard of the sample. 

Catalog "Relays by Guardian" 
Mailed on Request 

GUARDIAN 
ELECTRIC 
1625 Walnut St. Chicago, Ill. 

SUCCESSFUL in 
PERFORn1RnCE .. DE5I511... 
COIISTRUCTI011..5ALE5 .: 

say Ieadiny P.R. men 

VELOCITY 

MACHIEVES 
UNIOUE RECORD 
IN ACTUAL USE 

`r¢atutia y . . 
Output increased 6 DB. 

Triple shielded- against all RF or 
magnetic fields, entirely eliminating 
hum pickup. 
Eliminates feedback troubles- 

, Excellent for close talking and dis- 
tant pickup. 
Acoustically designed to eliminate 
any possibility of cavity resonance. 
Fitted with switch and cable clamp. 

NEW! MODELS RBHn (High Impedance): RBMn (200 
ohms). with Cable Connector and Switch 

$42.00 LIST 
NEWT MODELS RBSn, RSHn. streamline; slightly lower 
output and frequency range than above. with switch 
only _ - $32.00 LIST 
Models RAL (200 ohms); RAH (2000 ohms). Built to Am- 
perils standards: No peaks. Flat response. Triple 
shielded. Shock absorber. Swivel bracket 

$22.00 LIST 
Finishes: All microphones have the new standard Gun- 
metal Finish. Available in Chrome. extra. 91.00 List. 

FREE WINDOW DECAL, advertising your SOUND 
SERVICE. Four-color design, 51/4 x 91/4. Write for it now. 

AMPERITE 6 1 

C °6'o Addles: 
"N7 

em, New Yort 
BROADWAY NEW YORK 
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MANUFACTURING REVIEW 
News 

+ Mr. L. W. Olander, for several years 
employed as transmitter engineer with 
the RCA Manufacturing Company, and 
previously with the Bell Telephone 
Laboratories, has accepted the position 
as chief engineer with the E. F. John- 
son Company, Waseca, Minn., manu- 
facturers of transmitting components. 
Mr. Olander's past experience in re- 
sponsible charge of transmitter design 
will be utilized in the development of 
new Johnson transmitting equipment. 

+ On the basis of successful experience 

New Products 

in the manufacture of high strength 
magnetic alloys on a limited scale; the 
Taylor- Wharton Iron & Steel Company, 
High Bridge, N. J., has begun large 
scale production operation in a new 
plant division utilized exclusively for 
this purpose. 
+ The Continental Electric Company 
announces the removal of their head- 
quarters from St. Charles into larger 
quarters across the city line into Ge- 
neva, Ill. 

+ The appointment of William L. 

Hoppes to the post of station relations 
manager for World Broadcasting Sys- 
tem has been announced by P. L. 
Deutsch, WBS president. During the 
past three and one -half years, Mr. 
Hoppes' work as manager of the 
broadcasting department, Electrical Re- 
search Products, Inc. has gained him 
wide recognition among broadcast per- 
sonnel. His knowledge of radio station 
problems, together with his close asso- 
ciation with WBS in the operation of 
World's program service, offer much to 
station men throughout the country. 

Oscillograph 
THE NEW RCA 913 cathode ray tube 
forms the foundation unit for the model 
151 cathode ray oscillograph recently 
announced by the RCA Manufacturing 
Company, Camden, N. J. Full scale de- 
flection is obtained at 1.75 ohms r.m.s. 
Vertical and horizontal amplifiers have 
a small frequency response between 30 
and 10,000 cycles. Net price complete 
with all tubes, $47.50. 

A companion unit to the above is the 
electronic sweep test oscillator, model 
150 having a sweep of from 4 to 40 kc., 
fundamental frequency ranges of from 
90 to 32,000 kc. and 400 cycle internal 
or external modulation. Net price 
$64.50 complete with all tubes. 

I. F. Transformers 
THE J. W. MPLLER COMPANY, 5917 
South Main Street, Los Angeles, Calif. 
has begun delivery on a new series of 
intermediate frequency transformers 
the middle of February. The trans- 
formers are tuned by air dielectric con- 
densers in which approximately 70 per 
cent. of the total capacity is fixed and 
the remainder is variable by means of 
semi -circular plates adjusted by means 
of an insulated screw driver. Avail- 
able in both standard and selectivity 
types with either air core or iron core. 
List prices range from $5 to $6.50. 
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Hearing Aid 
THE SONOTONE CORPORATION, New 
York, announces its newest develop- 
ment a "hearing lamp" as an aid for 
the deaf. An extension cord from the 
lamp, in which the hearing unit has 
been incorporated, terminates in an 
ear piece of either air conduction or 
bone conduction type. 

Punch 
A SELF -ALIGNING PUNCH for making 
large holes in chassis for radio tube 
sockets, filter condensers, etc., has been 
brought out by the Insuline Corpora- 
tion of America, 25 Park Place, New 
York. 

Service Men Signal 
Generator 
A DIRECT READING signal generator 
operating from the 115 -volt, 50 to 60- 
cycle line and known as model 120 has 
been announced by the Triumph Manu- 
facturing Company, 4017 West Lake 
Street, Chicago, Ill. Maximum output 
is 200 millivolts, frequency range from 
100 kc. to 27 mc. through the use of 
harmonics and 30 per cent. modulation 
of a 400 cycle audio tone supplied 
through a separate tube in a com- 
pressor injector circuit characterize 
this unit. The model 120 signal gen- 
erator employs a 6C6 r.f. oscillator, a 
76 suppressor injector audio modulator 
and a 76 rectifier tube. Available from 
the factory at $23.95. 

Recording Machines 
FOUR NEW TYPES of instantaneous re- 
cording machines have been introduced 
by the Recording Equipment Manufac- 
turing Company, 6611 Spencer Boule- 
vard, Hollywood, Calif. The two 
smaller models consist of an amplifier, 
loud speaker, crystal microphone, cut- 
ting and reproducing head, turntable, 
and motor, to which may be added a 
radio receiver. The two larger models 
are designed for professional use and 
are supplied with the 7 -watt or 12i- 
watt amplifiers. 
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THE first compact 30 -STEP ATTENUATOR 
ever offered at a low cost 

It is perfect as a 
mixer and a mas- 
ter gain control 
for low -level mixing. 
The new Attenuator 
has zero insertion 
loss, constant imped- 
ance both in and 
out of all settings 
and at all frequen- 
cies within the de- 
sired range, and the 
!owe s t attainable 
noise level. 

30 Steps of Attenuation. 
Laminated positive wiping type switch. 
Low noise level. Below -130 Db. 
Shielded from electrical disturbances. 
Rugged -light weight. 
Size only 2%" diameter by 2 1/16" in depth. 

Zero insertion loss. 
Frequency error: None 

30 to 1L000 Cps. 
Resistors, unifllar wound. Price $17.50. 

over the range of 

Write for Bulletin 534 

THE FOLLOWING IMPEDANCES STOCKED FOR IMMEDIATE SHIPMENT: 
30/30 125/125 250/250 500/200 30/50 
50/50 200/200 500 /500 600 /600 50/200 

Special Impedances and Attenuation Upon Request 

THE DAVEN CO., 158 Summit St., Newark, N. J. 
Single & Dual 

Potentiometers 
Special Rotary Switches 
Filament Rheostats 
Mixer Panels 

Manufacturers of: 
Variable & Fixed 

Attenuators 
Faders 
Volume Indicators 
Output Meters 

Line Equalizers 
Attenuation Boxes 
Multipliers 
Super Davohms 
Laboratory Equipment 

Speech Input Control 
Apparatus 

Decade Resistances 
Resistances 

Davohms 

The physicist looks inside the electron tube _ 
This volume from the International Series in Physics gives you a 
thorough explanation of the fundamental physical phenomena 
involved in the operation of electron tubes. 

Just published -New second edition 

The Physics 
of Electron Tubes 

by L. R. KOLLER 
Research Laboratory, General Electric Company 

234 pages, illustrated, $3.00 

THE approach of this book is from the viewpoint of the physicist looking at what 
takes place inside the tube rather than the circuits in which the tubes operate 

or the applications of the tubes. It discusses recent advances in this field- brings 
together much material hitherto available only in scattered scientific publications 
-presents a survey of the sub- 
ject of interest to engineers 
and to physicists who have had 
no special training in elec- 
tronics. 

Covers such topics as 
-electron optics, secondary- emission 

multipliers, ignitrons, positive -ion 
emission 

-the theory of thermionic emission 
-thoriated tungsten cathodes 
-secondary emission 
-photoelectricity: history, Quantum 

Theory of photoelectric emission, 
effect of gases, time lag, etc. 

-photoconductivity 

66 

SEND THIS ON- APPROVAL EXAMINATION COUPON 

tcGRAW -HILL BOOK COMPANY, INC. 
330 West 42d Street, New York, N. Y. 

Send me Koller's The Physics of Electron Tubes 
for 10 days' examination on approval. In 10 days I 
agree to pay $3.00 plus a few cents postage and 
delivery, or return book postpaid. (We pay post- 
age on orders accompanied by remittance.) 
Name 

Address 

City and State 

Position 

Company 
(Books sent on approval in U. S. and Canada only) 

L -3 -37 

Oscilloscope 
THE MODEL 60 oscilloscope, a compact, 
self- contained instrument enclosed in 
welded steel case, and using the 913 
cathode ray tube has been recently 
brought out by the Burton -Rogers Com- 
pany, 755 Boylston Street, Boston, 
Mass. The unit operates from the 
110 -volt line, 50 to 60 cycles, and con- 
sumes 30 watts. The vertical sensi- 
tivity is 200 volts per inch for d.c. or 75 
volts per inch for r.m.s. values of a.c. 
A built -in amplifier for the vertical 
plates increases the sensitivity to 1 
volt per inch r.m.s. The horizontal 
sensitivity is the same as the vertical 
except that no amplifier is provided. 
Price $29.95. 

Time Delay Relays 
A MOTOR -DRIVEN time delay relay using 
differential gearing, and designed for 
110 and 220 volts a.c. operation, has 

been made available by the Ward Leon- 
ard Electric Company, Mount Vernon, 
N. Y. Standard units are available 
with a time delay of from 35 seconds 
to 53 minutes. Information in Bulle- 
tin 362. 

Selector Switches 
To MEET THE DEMAND for a wide vari- 
ety of multiple contact switches such 
as are used in modern radio receivers, 
Centralab, 900 East Keefe Avenue, 
Milwaukee, Wis., has recently made 
selector switches available in knocked - 
down form. Standardized parts for 
the Centralab switch kit are contained 
in a 25- drawer steel cabinet. The 
assortment of parts included is suffi- 
cient to assemble well over 150,000 
different switch combinations, it is 
reported. Bulletin describing the switch 
parts is also available. 
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DUMONT 
CONDENSERS 

OIL IMPREGNATE 
AND SEALED 

i i 
M(Í 

1/4 -SOLID SEAL 

LTIN FOIL ONLY 

NO SYNTHETIC WAXES USED 

NO AIR POCKETS 

4 
LAYER OF ALUMINUM 

VARNISH FOR MOISTURE 
PROTECTION 

ANON- INDUCTIVE TERMINAL 

-VACUUM IMPREGNATED WRAPPER 

Check these Features: 
1. No aluminum foil. (We use fin 

foil only, for permanent, sol- 
dered connection.) 

2. A layer of aluminum varnish. 
(This keeps the condenser mois- 
ture- proof.) 

3. Impregnated wrapper. (No air 
pockets, with this type of con- 
struction, to cause leakage.) 

1/4-inch was sealed on the edge. 
(This makes a rigid terminal.) 

5. Vacuum impregnated and 
sealed. 

6. Double tube construction -(one 
inner -one outer). 

4. 

7. Small in size. 

8. We do not use Chlorinated 
Wa:.es. 

9. Quality at all costs. 

lo. High Breakdown Test. 

Used by U. S. Government 

The Life of DUCO Condensers 
is remarkably long, due to the 
process of manufacture, and 
the thorough testing of all raw 
materials entering into their 
manufacture. 

Manufactured by 

DUMONT 
ELECTRIC COMPANY 

DEP'T E 

514 -516 BROADWAY 
60- 62 -64 -66 CROSBY ST. 

NEW YORK, N. Y. 
WRITE FOR FREE CATALOG, DEP'T E. 
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High Frequency Condensers 
A NEW SERIES of ultra high frequency 
variable condensers, including single 
and double unit models is being manu- 
factured by the Hammarlund Manu- 
facturing Company, New York City. 
Single unit models are available in 
sizes from 15 micromicrofarads to 140 
micromicrofarads. The double unit 
condensers are available from 30 to 
140 mmf. 

Electrostatic R. F. Voltmeter 
ELECTROSTATIC VOLTMETERS for fre- 
quencies up to 1500 kc. which are in- 
dependent of temperature, frequency 
and wave form errors is available from 
Ferranti Electric, Inc., 30 Rockefeller 
Plaza, New York City. The instru- 
ments are fitted with a self- contained 
over -voltage protection device and 
meters having a range of 3500 volts or 
less can be used directly either on a.c. 
or d.c. 

Transmitting Triode 
THE RCA MANUFACTURING COMPANY, 
Harrison, N. J., has made available 
through their transmitting tube dis- 
tributors a new air -cooled transmitting 
triode designated as the RCA -806. The 
806 is a three -element transmitting 
tube for use as a radio frequency am- 
plifier, oscillator, and class B audio 
frequency amplifier. High insulation 
and low interelectrode capacities are 
assured by bringing the plate connec- 
tion through a separate seal at the top 
of the bulb and the grid connection 
through a seal at the lower part of 
the bulb near the filament base. The 
806 may be operated at maximum rat- 
ing of frequencies as high as 30 mega- 
cycles. The maximum plate dissipation 
is 150 watts for class C telegraph and 
class B services. At 100 megacycles 
the rated plate voltage and plate input 
is 50 per cent. of the maximum value 
obtainable at frequencies of 30 mega- 
cycles or lower. 

Output Attenuators 
AN OUTPUT LEVEL control for power am- 
plifiers dissipating 25 watts continu- 
ously, having a minimum insertion loss 
of 1.3 db. and available in impedances 
of 8, 15, 50, 200, 250 and 500 ohms, is 
now being made by the Clarostat Manu- 
facturing Company, 285 North Sixth 
Street, Brooklyn, N. Y. The attenua- 
tion of the CIA output attenuator is 
linear up to 45 db. in fifteen steps of 
3 db. each with an end position of in- 
finite attenuation. The impedance from 
the load end is approximately three 
times the line value. 

TYPE 3054 GAMMATRON 
(AIR- COOLED) 

FCC ratings for broadcast use, 
2500 watts high -level modulation, 
500 watts low -level modulation 

Plate voltage, 3000 volts 
Plate dissipation 1500 watts 

Let us reduce your operating costs! 

Priced net, f. o. b. South San Francisco, California 
FOE AMMION. INFORMATION WRITE TO 

0 HEINTZ RNa 

SAN FRANCISCO 

KAUFMAN 
CALIFORNIA 

for better tubes . . . 

RADIOCARB A 
El Carbonized nickel ribbon for plates. All 

widths up to 6 ", and from .002 to .015" 
thick. 

Surface of uniform maximum blackness. 
Free from loose carbon, slivers, waves, 
seams, rough edges, oil and grease. 

In this, as with other William B. Driver 
Radio -Tube Materials, customer's specifi- 
cations are rigidly observed. 

WILBUR B. DRIVER CO. 
for,,,'ty GILBY WIRE COMPANY 

NEWARK, NEW JERSEY 
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For a quarter of a century, it has been our unique task to 

furnish light -gauge strip to the electrical, radio, and allied 

industries on this continent and abroad. 
We specialize in the production of strip lighter than .020 ", 

and nothing else. This concentration makes for an unusual 

flexibility in furnishing metals of the exact size and temper 

for a particular job, and the consequent economy of having 

our entire production geared to these special sizes. 

Whatever your strip metal needs -nickel, Monel, nickel 

alloys, copper, brass or copper alloys, you will find our wide 

acquaintance with these metals and our specialized produc- 
tion means faster delivery, better service, satisfactory prices. 

SOMERS BRASS COMPANY, INC. 
350 Madison Avenue New York City 

Milt at Waterbury, Conn. 

SOUND RECORDING EQUIPMENT 
Designed to meet the most exacting pro- 
fessional requirements -sturdy construc- 
tion- simple in operation- priced within 
the range of every potential user. 

WRITE FOR COMPLETE DESCRIPTIVE 
LITERATURE AND PRICE 

Also manufacturers of the famous 
CLEEN -CUT blanks for instantaneous 
recording. Literature and price list sent 
upon request. 

Allied Recording Products Co. 
126 Rest 4Gth St., New York, N. T. 

Cable Address: Allreeord 

Available also WITHOUT 
RECORDER for straight 
transcription playback. 

WAXES COMPOUNDS VARNISHES 
for ELECTRICAL INSULATION 
Zophar offers prompt service on Insulating Compounds for 
a wide variety of electrical applications, including: 

. insulation for CONDENSERS. TRANSFORMERS, COILS, power 
packs, pot heads, sockets, wiring devices, wet and dry batteries, etc. 
Also WAX SATURATORS for braided wire and tape. WAXES for 
radio parts. 
Special compounds made to your order. 1 

ZOPFZAR MILLS INC. 
130 -26th St. Brooklyn, N. Y. 

FOUNDED 1846 
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Pickups 
Two NEW PICKUPS models AA -74 and 
AA -76 have been announced by the 
Audak Company, 500 Fifth Avenue, 
New York. Frequency response above 
300 cycles is substantially flat; below 
300 cycles the response increases gradu- 
ally to plus 10 db. at 70 cycles in order 
to compensate for the attenuation in 
recording at the low end. List prices 
are $55 and $75 respectively. 

Steel Cabinets 
A LINE OF black crystalline finish steel 
cabinets, supplied in knocked -down 
form for easy assembly by amateurs, 
experimenters and service men, has 
been brought out by the Insuline Cor- 
poration of America, 25 Park Place, 
New York City. Seven sizes are avail- 
able. Cadmium plated steel chassis to 
fit inside the cabinet are also available. 

Battery Charging Rectifier 
WITH THE ANNOUNCEMENT Of a mer- 
cury vapor battery charging bulb, type 
2 -RA -6 the Continental Electric Com- 
pany, Geneva, Ill. enters the field of 
commercial rectifiers. Filament con- 
sumption of the 2 -RA -6 is 13 amp. at 2 
volts. The output of the rectifier is 
rated at 6 amp. and the peak input 
voltage is 300 volts. The use of mer- 
cury vapor results in a low voltage 
drop across the tube. The tube is listed 
at $6. 

Relays 

A SERIES of small a.c. and d.c. relays is 
announced by the Guardian Electric 
Manufacturing Company, 1625 West 
Walnut Street, Chicago, Ill. and are 
described in a technical bulletin is- 
sued by this company. The series 110 
relays are suitable for a.c. operation 
and consume approximately 2 watts. 
The series 115 relays consume 3 watts 
and operate at 110 volts. 

Voltage Regulator 
A SERIES OF VOLTAGE regulators hav- 
ing no moving parts, with a high de- 
gree of accuracy, and unaffected by 
wave form distortion, have been an- 
nounced by the Roller -Smith Company, 
233 Broadway, New York. Units rated 
at 2#, 5, and 71 kva. are available. 
The output voltage is independent of 
the load applied to the unit for load 
voltages between 107 and 123 volts. 
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ENTIRELY New. IN DESIGN 

PERFORMANCE BEAUTY 

SHURE ZEPHYR 
eziegosa, 

CRYSTAL RECORD REPRODUCER 

THE ZEPHYR marks another milestone 
in pickup progress. It brings you 

basically new improvements of far - 
reaching significance in electric pickup 
design. Exclusive "needle -tilt" Balanc- 
ed- Tracking reduces record wear . 

increases record life. Improved wide - 
range frequency characteristic and 
better transient response give you 
higher fidelity ... more life -like repro- 
duction. "High- Lift" streamlined arm 
allows plenty of room for easy conven- 
ient needle changing. Plays 10 and 12 

inch records. Furnished with 31/2 ft. 
shielded cord, mounting instructions. 

List Price S12 

Order a ZEPHYR now! Let your own 
tests prove how much better a Shure 
Zephyr really is. 

For complete technical data, write for 
Bulletin 205M today. 

CRYSTAL 

MICROPHONES 

DISCRIMINATING engineers are con- 
sistently choosing Shure "Ultra" 

for a wide variety of microphone 
applications. Advanced engineering 
features, scientific laboratory control, 
and proved performance in the field 
insure high quality reproduction and 
dependable service. Shure "ULTRA" 
Wide -Range microphones are available 
in Swivel, Grille -Type and Spherical 
models. List Price $25 

Shure Crystal Devices are licensed under 
patents of the Brush Development Company. 
Shure patents pending. 

S IULE MICROPHONES 
!SHURE SMOTHERS MICROPRORE HEADQUARTER' 
526 WEST HURON STREET CHICAGO, U. S. A. 
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Literature 

+ New Tube Developments. The new 
issue of the Radiotron receiving tube 
manual, Technical Series RC -13, has 
just made its appearance. Besides 
bringing within two covers the essen- 
tial technical information on all RCA 
radio receiving tubes, the new edition 
contains a considerable amount of gen- 
eral technical data on tube principles, 
installation of tubes in receivers, 
methods of measuring tube character- 
istics and parameters, tube applica- 
tions, typical receiving circuits, and a 
reading list for further study. A new 
feature of this edition is a 5 -page chart 
giving the gains of various triode and 
pentode single stage amplifiers for suit- 
able values of coupling resistors and 
condensers. The circuit constants for 
this chart are so chosen as to result in 
a resistance coupled amplifier having 
good frequency characteristics. The 
manual is obtainable from the Com- 
mercial Engineering Department, RCA 
Radiotron Division, RCA Manufactur- 
ing Company, Harrison, N. J. at twenty - 
five cents per copy. 

The third edition of Sylvania's Tech- 
nical Manual, giving characteristics 
and important technical information on 
their receiving tubes, typical receiver 
circuits, and interchangeable tube 
chart, bias resistor charts, and general 
technical information has recently been 
published by the Hygrade Sylvania 
Corporation, Emporium, Pa. Copies of 
this 182 -page pocket manual of techni- 
cal information may be obtained for 
fifteen cents. 

A 16 -page bulletin of technical and 
descriptive data on the G -E light sen- 
sitive cell is obtainable from the Gen- 
eral Electric Company, Schenectady, 
N. Y., by asking for Bulletin GEA- 
2467. The essential element in the 
General Electric light sensitive cell con- 
sists of a layer of selenium deposited 
on the surface of a steel plate. Over 
this layer of selenium, two transparent 
layers of material are deposited and 
these make up the negative terminal 
of the cell. The technical information 
presented in this bulletin contains 
charts showing the output current as a 
function of external resistance, tem- 
perature, and illumination. Data is 
also given on the fatigue of this cell 
for different conditions of operation, the 
frequency response curve, and the in- 
ternal resistance of the cell. 

Information bulletin No. 8, bearing 
the date of January 1937 describes 
Westinghouse phototubes. The bulletin 
contains a list of twelve types of 
vacuum and gaseous phototubes manu- 
factured by the Westinghouse Lamp 
Division, Westinghouse Electric & Man- 
ufacturing Company, Bloomfield, N. J. 
The sensitivity of the tubes varies 
from 0.75 to 125 microamperes per 
lumen. 

Technical bulletins have recently been 

014 
R PRECISION 
PERFORMANCE! 

THE NEW "SUPER -PRO" 
A SUCCESSFUL radio receiver 

intended for use over a wide 
frequency range as well as a 
wide variety of services must 
necessarily possess many varied 
and unusual characteristics. That 
the new "Super -Pro" completely 
meets these exacting requisites 
by means of its advanced design 
and extreme flexibility- rather 
than by the many compromises 
resorted to so frequently -is 
being attested to daily by the 
many ultra- critical amateurs, en- 
gineers and professional opera- 
tors now using the new "Super - 

Pro." 
Among the exclusive features 

in this new 16 tube "Super -Pro" 
are the accurately calibrated 
panel controls: viz. 3 to 16 kc. 
continuously variable band -width 
control, 2500 -0 -2500 cycle beat 
oscillator, graduated audio and 
sensitivity controls, in addition 
to a megacycle and kilocycle tun- 
ing dial accurate to within 1/2 %, 
and a special band spread dial. 
The tuning unit is self- contained 
and exceptionally rugged. Re- 
markably noiseless five -point cam 
knife switch is absolutely trouble - 
free! 

The fidelity of the new "Super-Pro" is 
so faithful and the sensitivity so great 
that it is being used by news, recording 
and broadcast stations for recording and 
re- broadcast work. 

For those who require additional knife- 
like selectivity for C.W., a crystal model 
is available, which when properly ad- 
justed also affords added selectivity for 
voice and other modulated signals. 

Regardless of the complexity of the 
heavy duty receiving problem you have, 
the "Super -Pro' will provide the results 
you want. Mail coupon for complete 
details: 

Hammarlund Mfg. Co., Inc. E-3 

424-438 W. 33d. St, New York 
Please send me "Super-Pro" bulletin. 

Please send me new "37" catalog. 

Name 

Address 

City State 

NNIIIIIIAl11.1111115 %:i"=" YEAH 
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#and'y.. s and' 
tot /000 Mai 

Size: 3 1/16" 
z 5v,¢" 
z 2Ws" 

Accurate 
Within 2% 

Dealer Price $1 5.00 

Completely 
Insulated 

Model 
666 

Pocket Volt -Ohm- 
Milliammeter 

For laboratory, shop or field use. 
Handy pocket size yet sturdy and pre- 
cision built. 
Uses Large 3" Sq. Triplett Instrument 
A. C. -D. C. Voltage Scales Read: 10- 
50- 250 - 500 -1000 at 1000 ohms per 
volt. 
D. C. Milliampere Scale Reads: 1-10- 
50-250. 
Ohms Scales Read: Low 11/2 -300; High 

250,000. 
Black Molded Case and Panel. 
Size 3 1-16 x 57/6 x 21/4. 

Low Loss Selector Switch. 
Complete with Alligator Clips, Battery 

and Test Leads. 

DEALER PRICE $15.00 
A Complete Instrument for all servicing 

needs. Can be used for all A. C. -D. C. 
voltage, current and resistance analyses. 

LEATHER CARRYING CASE for Model 669, 
supplied extra. Dealer Price, $3.00. 

Very attractive. Of black, heavy leather with 
finished edges and strap. 

WRITE FOR CATALOG 

The Triplett Electrical Instrument Co. 
232 Harmon Dr., Bluffton, Ohio 
Without obligation please send me - More information on Model 666. - I am also interested in 
Name 

Address 

City State 
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received from the Raytheon Engineer- 
ing Service describing the 6V6G power 
amplifier and the OZ4G full wave gas - 
filled rectifier. With plate and screen 
voltages of 250 volts, the power am- 
plifier has an amplification factor of 
215, a plate resistance of 52,000 ohms 
and a mutual conductance of 4,100 
micromhos. The tube is provided with 
a 7 -prong medium octal shell base. 
The maximum rating of the gas -filled 
rectifier is 75 milliamperes at 300 
volts, and the tube has a normal volt- 
age drop of 24 volts. The OZ4G was 
developed primarily for use in vibrator 
type B supply units for automobile re- 
ceivers. Further information from 
Raytheon Production Corporation, New- 
ton, Mass. 

Technical bulletins from the Hygrade 
Sylvania Corporation, Emporium, Pa. 
are available describing the 6A5G 
power amplifier and the 6Y7G class B 
amplifier. These have output ratings 
of 3.75 and 8.0 watts respectively. 

+ Hammarlund Catalog. The Hammar- 
lund "37" catalog is a 16 -page booklet 
listing the sizes and important char- 
acteristics of variable and adjustable 
condensers, chokes, transformers, coil 
forms, and similar components. A 
technical description of the new "Super - 
Pro" receiver is also given. Copies of 
the catalog are available from the 
Hammarlund Manufacturing Company, 
424 West 33rd Street, New York City. 

+ Gammatrons. Characteristics on the 
complete line of gammatron tubes 
manufactured by Heintz & Kaufman, 
South San Francisco, Calif., are avail- 
able in a loose -leaf folder of engineer- 
ing data sheets published by H. & K. 

+ Compressed Gas Condensers. Mechan- 
ical and electrical specifications for 
the type 174 compressed gas condenser 
are given in a loose -leaf technical bulle- 
tin published by Heintz & Kaufman, 
South San Francisco, Calif. The type 
174 condensers are available in capaci- 
ties of 250, 500, 1000, and 1500 µf. The 
three smaller sizes are continuously 
variable, the largest size being variable 
between 1200 and 1500 fif. Through the 
use of compressed nitrogen rather than 
air dielectrics at normal atmospheric 
pressure, the physical size and cost of 
these condensers has been made quite 
low. In all of the units the limiting 
voltage is approximately 42,000 volts 
r.m.s., at which point sparking takes 
place between the high voltage ter- 
minals and the case. All of the models 
are rated to have a maximum current 
of 100 amp. at 1000 kc. or 50 amp. at 
20 mc. Breakdown at higher voltage 
may be obtained through the use of a 
special type of oil immersed lead -out 
insulator, permitting breakdown volt- 
ages of as much as 80,000 volts to be 
obtained in certain cases. 

Handier than Ever 
ELECTROLYTICS 
1 Now as handy mechanically as they have long " been electrically. Adjustimount flanges permit any 

mounting. 

1 Instantly adjusted for any hole spacing, flat or " upright mounting, singly or stacked. 
These ultra- compact PBS cardboard -case electroly- 

W tics come in 200 and 450 v. ratings, popular 
capacities, single. double and triple sections. 

Send for DATA 
describing these latest units as well as the complete line 
of .ea paeito r-. Submit your problems and requirements. 

CORPORATION 
70 Washington St. Brooklyn. N. Y. 

REPRESENTS A FULLY 
CHARGED BATTERY 

THAT NEVER RUNS DOWN 

EPCO 
STORAGE 
BATTERY 

ELIMINATOR 
Provides 6 volt -10 
amps. filtered, ad- 
justable D.C. from 
110 volt A.C. Spe- 
cially designed for 

laboratory tests and for demonstrating 6 
volt automobile radios, small D.C. motors, 
magnets, solenoids, signals, relays and simi- 
lar apparatus. Also used as an efficient 
battery charger. 
As Model B 

Variable Voltage 9.I 16 volts -5 amps. .15 
List Price I Fixed Voltage 

EiE61R0o/IK 
Supplies rectified D.C. for 
operating relays, solenoids 
and remote controls. Volt- 
age ranges from 6 to 24 
volts, rated at 2 to 15 amps. 
Operates on 110 volt A.C. 

..tIOAPTOPAf( 
Operates A.C. radios in D.C. districts and 
110 volt A.C. radios in autos and trailers. 
Write for further descriptive literature. 

ELECTRICAL PRODUCTS CO. 
6531 Russell Avenue Detroit, Michigan 
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+ Midget Cathode Ray Oscillograph. 
The model 105 cathode ray oscillograph 
which has been recently announced by 
the Clough -Brengle Company, of 2815 
West 19th Street, Chicago, makes use 
of the new 913 cathode ray tube with 
one -inch screen. Except for physical 
size and screen area, this instrument 
is identical to their larger oscillograph, 
model CRA. Built in linear sweeps, 
high sensitivity amplifier for both hor- 
izontal and vertical input and beam 
centering controls on the front panels 
are features of this instrument. 

+ Inter -office Phones. Bulletins on 
microphones, private inter- communica- 
tion systems, and factory or office inter- 
communication systems are available 
from the Miles Reproducer Company, 
112 West 14th Street, New York City. 

+ Thermal Overload Switch. A new 
thermal overload switch for fractional 
horsepower motors, operating on line 
currents and arranged for mounting 
on the conduit or terminal box of the 
motor has been placed on the market 
by the General Electric Company, 
Schenectady, N. Y. 

+ Meters. A folder listing Hoyt meters 
for radio amateurs and service men is 
available from the Burton -Rogers Com- 
pany, 755 Boylston Street, Boston, 
Mass. 

+ Plate Transformers. The Hilet Engi- 
neering Company, West Orange, N. J. 
has available for distribution a folder 
describing plate transformers of 2¡ kva. 
rating, having secondary voltages from 
1300 to 3400 volts. 

+ Recording. Published by the Radio - 
tone Recording Equipment Company, 
6103 Melrose Avenue, Hollywood, Calif., 
a booklet entitled "The Mechanics of 
Instantaneous Acetate Recording" 
gives an interesting exposition of the 
method of preparing acetate records. 

+ Raidio Test Manual. Complimentary 
copies of manual A covering tube and 
radio tester design is announced by 
the Supreme Instrument Company of 
Greenwood, Miss. The 60 -page manual 
illustrates and describes the technical 
design of meters and circuits employed 
in the present line of Supreme instru- 
ments. 

+ Monel Metal. The advantages of 
monel strip as well as technical phys- 
ical properties concerning the alloy 
are given in a folder issued by the 
Somers Brass Company, 350 Madison 
Avenue, New York City. 

+ Radio Encyclopedia. A radio service 
encyclopedia of more than 200 pages 
containing a wealth of information for 
the service man is available at $2.50 
per copy from Mallory distributors. 
For further details of the encyclo- 
pedia see the book review section of 
Electronics 
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The RADIOTONE A -16 

Professional RECORDER 

.. -- . 
The 

A -16 

This Is the fa- 
vorite moderate - 
priced Recorder. 
Does the finest 
work because it 
is built for ex- 
acting customers. 

Radiotone A -16 Studio Recorder was de- 
veloped and is manufactured for Motion 
Picture Studios, Broadcasting Stations 
and Recording Laboratories. The stand- 
ards are high, but Radiotone meets them 
all. For detailed information write to 
Radiotone Recording Co., 6103 Melrose 
Ave., Hollywood, Cal. Ask for our new 
Catalog of Recording Equipment and 
Supplies. 

RADIOTONE 
PROFESSIONAL 
RECORDERS 

POSITIVE 
PROTECTION 

For Your Power Tubes. These light 
duty overload trip relays have a wide 
field of use as safety devices on elec- 
tronic apparatus. Operation is, un- 
usually dependable. Scores of nation- 
ally known concerns rely on Leach 
Relays for protection. 

Leach Relay Company 
5915 Avalon Boulevard, Galt, 

Los Angeles, Calif. "poque" , 
COUPON . "pva%o5 

gos\evsid, 

.. ...... ..591 ,,N,105 
`es° --s ma 

9api 

Ptesea . . 

Cotot01 t° 01 

Let this book solve your problems 
in communication networks engineering 
Just published -New second edition 

Communication 
Engineering 

by W. L. EVERITT 
Professor of Electrical Engineering, The Ohio State University 

727 pages, illustrated, $5.00 
^ñ 

In the second edition of this widely known book every chapter has been enlarged with new 
material which is of importance to the radio and telephone engineer. Every aspect of 
unilateral and bilateral networks is carefully explained ; and, in each case, the author 
presents what he terms the "machine tools" of network theory -theorems which apply 
fundamental similarities of simple networks to new complicated structures. 

SEND THIS ON- APPROVAL EXAMINATION COUPON 
New material includes: 

-a new chapter on equalizers. 
Can be applied to numerous 
problems of network synthesis. 

-the chapter on electromechanical 
coupling. Entirely rewritten to 
show the use of mechanical im- 
pedance methods of analyzing 
vibrating systems. 

-material, not previously pre- 
sented, on the treatment of 
Class 13 and Class C amplifiers. 

-computation of antenna arrays 
and the propagation of waves 
over an earth of known con- 
ductivity. 

McGRAW -HILL BOOK COMPANY, INC. 
330 West 42d Street, New York, N. Y. 
Send one Everitt's Communication Engineering for 
10 days' examination, on approval. In 10 days I agree to pay $5.00 plus a few cents postage and 
delivery, or return book postpaid. (We pay postage 
on orders accompanied by remittance.) 
Name 

Address 

City and State 

Position 

Company 
(Books sent on approval in U. S. and Canada only.) 
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with this NEW 
CONSTANT- IMPEDANCE 

Output 
Attenuator 
Just the thing to control one or several 
public- address system speakers. CLARO- 
STAT Series CIA Attenuator does the very 
job you have always wanted to do -con- 
trolling speakers direct, individually, critic- 
ally. 

Cheek these features . 

y Handles up to 25 watts, continu- 
ously, safely, at any setting. 

Linear up to 45 decibels, in steps 
of 3 decibels. 

Compensated ladder type network 
maintains constant input and output 
impedances. 

Infinite attenuation at end position. 

Only 41/4" long by 31/4" dia. Single - 
hole mounting. Optional power 
switch for speaker field. 

Sonal for DATA .. . 

Bulletin No. 11, just issued, covers this 
interesting control in detail. Meanwhile, 
do not hesitate to place your control 
and resistance problem before our 
engineers. 

(;I.AR.OSTAT 
5CU ÓSUT 

MANUFACTURING CO. Inrorpor:ud 
285 North Sixth St. 

Brooklyn. N.1-. 

Adjudicated Patents 

2,022,514, W. A. MacDonald, Wave 
signaling system, filed May 18, 1936, D. 
C., N. D. Ill., E. Div., Doc. 15202, Ha- 
zeltine Corp. v. Zenith Radio Corp. 

7,763,380, C. E. Truhe, Electric coup- 
ling system, filed May 18, 1936, D. C., 
N. D. Ill., E. Div., Doc. 15203, Hazel- 
tine Corp. v. Zenith Radio Corp. 

1,570,297, F. L. Dyer, Art of record- 
ing and reproducing sounds; 1,628,658, 
same, Talking machine record; 1,726; 
546, same, Apparatus for making phon- 
ograph records; 1,783,498, same, Meth- 
od of making phonograph records, ap- 
peal filed Jan. 28, 1936, C. C. A., 3d Cir., 
Doc. 6044, F. L. Dyer v. Sound Studios 
of N. Y., Inc. 

1,448,279, Pridham & Jensen, Elec- 
trodynamic receiver, filed May 25, 1936, 
D. C., N. D. Ill., E. Div., Dec. 15216, 
The Magnavox Co. v. The Webster Co.; 
also 1,448,279, Doc. 15217. 

1,573,374, P. A. Chamberlain, Radio 
condenser; 1,707,617, 1,795,214, E. W. 
Kellogg, Sound reproducing apparatus; 
1,728,879, Rice & Kellogg, Amplifying 
system; 1,894,197, same, Sound repro- 
ducing apparatus, filed May 29, 1936, 
D. C., N. D. Ill., E. Div., Doc. 15221, R. 
C. A. et al. v. Ultramar Mfg. Corp. 
et al. 

1,403,475, H. D. Arnold; 1,403,932, 
R. H. Wilson; 1,447,773, Espenschied & 
Brown; 1,507,016, L. de Forest; 1,507,- 
017, same; 1,531,805, R. C. Mathes; 
1,596,198, S. Loewe; 1,618,017, F. Low- 
enstein; 1,869,323, P. H. Evans; 1,936,- 
162, R. A. Heising; Re. 18,579, Ballan- 
tine & Hull, filed May 29, 1936, D. C., 
N. D. Ill., E. Div., Doc. 15,220, R. C. A. 
et al v. Ultramar Mfg. Corp. et al. 

1,710,073, 1,714,191, S. Ruben, Elec- 
trical condenser, D. C, N. D. Ohio, E. 
Div., Doc. 5002, Ruben Condenser Co. 
et al v. Curtis Condenser Corp. Dis- 
missed without prejudice May 6, 1936. 

1,297,188, I. Langmuir; 1,573,374, P. 
A. Chamberlain; 1,728,879, Rice & Kel- 
logg, D. C., S. D. Calif. (Los Angeles), 
Doc. E 831 -S, R. C. A. et al v. A. Sex- 
ton. Decree pro confesso June 12, 1936. 

1,403,475, H. D. Arnold; 1,403,932, R. 
H. Wilson; 1,507,016, L. de Forest; 
1,507,017, same; 1,618,017, F. Lowen- 
stein; 1,702,833, W. S. Lemmon; 1,811,- 
095, H. J. Round; Re. 18,579, Ballan- 
tine & Hull, D. C., S. D. Calif. (Los An- 
geles), Doc. E 465 -J, R. C. A. et al v. 
H. C. Block (Custom Built Radio Mfg. 
Co.). Decree pro confesso June 12, 
1936. Doc. E 832 -S, Radio Corp. of 
America et al. v. A. Sexton. Decree as 
above. 

1,881,324, H. E. Metcalf, Signal re- 
producer, filed June 2, 1936, D. C., N. D. 
Ill., E. Div., Doc. 15,226, The Magnavox 
Co. v. The Webster Co. 

1,573,374 (a), P. A. Chamberlain; 
1,707,617, 1,795,214, E. W. Kellogg; 
1,894,197, Rice & Kellogg; 1,728,879, 
same, D. C., S. D. Calif. (Los Angeles), 
Doc. E 891 -Y, R. C. A. et al v. M. de 

PROFESSIONAL 

SERVICES 

BLILEY ELECTRIC CO. 
Designers -Manufacturera 

Quartz Crystals for standard or special 
radio frequency applications. 

Inquiries Invited. 
240 Union Station Bldg. 

Erie, Penna. 

CHARLES EISLER 
EISLER ENGINEERING CO. 

Consulting and Designing Engineer 
Electric Welding Machines for Metal Tubes 
Electric Welding Problems. High Vacuum 

Compound Pumps. Soft and Hard 
Glass Working Equipment, Radio and 

Electronic Tube Machinery 
753 So. 13th St. Newark, N. J. 

ELECTRICAL TESTING 
LABORATORIES 

Characteristics and 
Life Testa of Vacuum Tubes 

Tests of photo cells, glow lamps, crater lamps. 
Tests of electronic and optical devices. 

30th Street and East End Avenue 
New York. N. Y. 

Phone: Butterfield 8 -2300 

THAD R. GOLDSBOROUGH 
REGISTERED PATENT ATTORNAT 

Patent and Trademark Soliciting 
Consulting Service 

Patent Sale and License Negotiations 
201 -205 McLachlan Building 

Washington. D. C. 

International Electronics, Inc. 
CONSULTING ENGINEERS 

to Radio Manufacturers in all parts of the world 
Receivers -Tubes -Condensers-Coils -Resistors 

Reports -Designs- Specifications- Processes 
Write for information on your problems without 

obligation 
RESEARCH LABORATORIES 

145 W. 45th Street New York, N. Y. 

The Solution of 

Your Problem 

in the field of Electronic devices 
may be found through enlisting the 
services of the Consultants whose 
cards appear on this page. 

This is a highly specialized field 
and specialists are therefore better 
able to undertake the rapid devel- 
opments necessary to keep in step 
with modern manufacturing 
progress. 
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Groot et al. Decree for plaintiffs June 
26, 1936. Same, D. C., N. D. Ill., E. 
Div., Doc. 15091, R. C. A. et al. V. B. 
Olshansky et al. Doc. 15093, R. C. A. 
et al. v. Banner Tire Co. et al. Doc. 
15221, R. C. A. et al. v. Ultramar Mfg. 
Corp. et al. Consent decree, finding 
patents valid and infringed, injunction 
granted Apr. 13, 1936, in each of above 
cases. 

1,614,136, M. C. Latour, Thermionic 
amplifier apparatus, filed May 19, 1936, 
D. C., N. D. Ill., E. Div., Doc. 15206, 
Latour Corp. v. Zenith Radio Corp. 

2,007,253, W. A. MacDonald, Wave 
signaling system, filed May 18, 1936, D. 
C., N. D. Ill., E. Div., Doc. 15204, 
Hazeltine Corp. v. Zenith Radio Corp. 

(D. C. N. Y.) Georgiev patent, No. 
1,815,768, for electrolyte, claims 8, 10. 
and 11 Held valid and infringed. Id. 

1,573,374, P. A. Chamberlain, Radio 
condenser; 1,'707,617, 1,795,214, E. W. 
Kellogg, Sound reproducing apparatus; 
1,728,879, Rice & Kellogg, Amplifying 
system; 1,894,197, same, Sound repro- 
ducing apparatus, filed July 22, 1936, 
D. C., W. D. Wash., N. D., Doc. 1150, 
RCA et al. v. F. V. Buckley (Buckley 
Radio Co.). 

1,811,095, R. J. Round; Re. 18,579, 
Ballantine & Hull; 1,297,188, I. Lang - 
muir, D. C. N. J., Doc. E 5261, RCA 
et al. v. Atlas Laboratories, Inc., et al. 
Decree May 4, 1936. 

1,403,475 (b), H. D. Arnold; 1,403; 
932, R. H. Wilson; 1,618,017, F. Lowen- 
stein; 1,702,833, W. S. Lemmon; 1,811,- 
095, H. J. Round; 1,936,162, R. A. 
Heising; Re. 18,579, Ballantine & Hull, 
D. C., N. D. Ill., E. Div., Doc. 14982, R. 
C. A. et al. v. R. D. Rogers et al. (Ad- 
ams Radio Laboratory). Doc. 15092, 
R. C. A. et al. v. Banner Tire Co. et al. 
Doc. 15094, R. C. A. et al. v. A. Smith 
et al. (Better Radio Service). Decree 
pro confesso, finding patents valid and 
infringed, injunction granted Mar. 18, 
1936, in each of above cases. 

(D. C. N. Y.) De Forest patent, 
No. 1,507,016 and No. 1,507,017, Held 
infringed. RCA v. Andrea, 15 F. 
Supp. 685. 

1,573,374 (b), P. A. Chamberlain; 
1,707,617, 1,795,214, E. W. Kellogg; 
1,894,197, Rice & Kellogg, same, D. C., 
N. D. Ill., E. Div., Doc. 15095, R. C. A. 
et al. v. A. Smith et al. (Better Radio 
Service). Consent decree, finding pa- 
tents valid and infringed, injunction 
granted Apr. 13, 1936. 

1,297,188, I. Langmuir; 1,573,374, P. 
A. Chamberlain; 1,707,617, E. W. Kel- 
logg; 1,728,879, Rice & Kellogg; 1,894,- 
197, same, D. C., N. D. Ill., E. Div., Doc. 
14977, R. C. A. et al. v. Hetro Electrical 
Industries, Inc., et al. Consent decree, 
holding patents valid and infringed, in- 
junction granted April 13, 1936. Doc. 
14979, R. C. A. et al. v. Hi -Lo Radio Co. 
Decree pro confesso holding patents 
valid and infringed; injunction granted 
Mar. 18, 1936. Doc. 14983, R. C. A. et 
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FERRANTI 
offers a 

complete line 

of 

CORE TYPE 
HUM BUCKING 

POWER UNITS 

LOW REGULATION HIGH EFFICIENCY 
LOW CORE and COPPER LOSSES 

Ferranti Self- Shielding Audio Units plus Ferranti Hum Free Power Trans- 
formers are now available at low cost. These units use Ferranti Core Type 
Construction without external field. Mounted in completely reversible case. 
Send for complete listing. 

FERRANTI ELECTR C, INC. 
30 ROCKEFELLER PLAZA NEW YORK CITY 

911me. ¡halt. inachinets 
Efficient machines can be acquired 

rather easily by anyone who has the 
money to purchase equipment. 

But, on the other hand, intelligence and 
experience cannot be bought. It is these ... plus invention and the love of work ... combined with the best mechanical 
equipment ... that have made CARDWELL 
a constant source of supply to leaders in 
the industry. (Not only for variable con- 
densers but also for numerous types of 
communication equipment.) 

And now, these same CARDWELL facili- 
ties are offered to manufacturers who have 
production problems to "farm out ". 

Write, Phone or Wire specifications for 
convincing estimates. 

THE ALLEN D. CARDWELL 
MANUFACTURING CORPORATION 
89 PROSPECT STREET, BROOKLYN, NEWYORK 

A Famous Name 
Goes On The Air 
Rendix RADIO Cor- 
poration offers con- 
solidated research, 
engineering and 
manufacturing facil- 
ities of four widely 
recognized radio 
equipment manu- 
facturers . . . in the 
design and construc- 
tion of commerical, 
naval and military 
radio equipment. 

SIENDIX 
RADIO CORP. 
9th and Kearny Streets N. E. 
WASHINGTON, D. C. 
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KULGRID "C" 
STRAND 

Nigh Conductivity 
Flexibility 
NonOxidizabie 

TUNGSTEN 

Ground Finish Surface 
Controlled Crystal Structure 
Excellent Sealing Quality 

MOLYBDENUM 
Ductile 
Easily Shaped 

HARD GLASS STEM 
MADE WITH 

CALLITE LEAD-IN WIRES 
of Tungsten Molybdenum Kulgrid 

The TUNGSTEN in Callite Hard Glass Welds is specially processed to give a compact fibrous 
structure, free from longitudinal cracks and is centerless ground to eliminate surface imperfections. 
The KULGRID "C" STRAND has none of the objectionable features of regular copper strand. 
Kulgrid "C" does not oxidize. Therefore, no oxide flakes off to deposit in the tube press as 
is the case with copper strand. Kulgrid "C" is flexible and does not become brittle. It welds 
more readily to tungsten than ordinary copper strand and forms a strong joint. 
Pure metals of best qualify are used for any third component part. 

CALLITE PRODUCTS DIVISION 
544. 39th STREET 

EISLER ELECTRIC CORPORATION 

UNION CITY, N. J. 

A New Magnetic Material in Powdered Form 
For Molding I -F Transformer Cores & Shields 

PEIinIANITE 
Good Up 

Economical 

to 10 Megacycles Lower Eddy Current 

Send for Technical Data 

FOOTE MINERAL CO. 
1600 Summer St., Philadelphia 

Loss 

"BOY- THEY'RE KEEN!" 

Keen enough to cut the 
best instantaneous re- 
cordings on acetate. 

"The finest cutting needles 
we have ever used." - 
WKAR, Lansing, Mich. 

"The best on the market." - 
KMBC, Kansas City, Mo. 

Original cost 75c ea. Send for a week's 
Replaced indefinitely supply 25c ea. 

GERTONE. I1vC 
201 Verona Ave., Newark, N. J. 
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al. v. R. D. Rogers et al. (Adams Radio 
Laboratory). Decree as above. 

1,403,475 (a), H. D. Arnold; 1,403; 
932, R. H. Wilson; 1,507,016, L. de For- 
est; 1,507,017, same; 1,618,017, F. Low- 
enstein; 1,702,833, W. S. Lemmon; 1; 
811,095, H. J. Round; Re. 18,579, Bal- 
lantine & Hull, D. C., S. D. Calif. (Los 
Angeles) , Doc. E 890 -Y, R. C. A. et al. 
v. M. de Groot et al. Decree for plain- 
tiff June 26, 1936. 

1,901,735, A. Crossley, Piezo electric 
crystal system; 1,627,958, same, Radio 
frequency choke coil system; 1,572,773, 
same, Piezo electric crystal apparatus; 
1,831,151, G. P. Walker, Temperature 
control system for frequency deter- 
mining elements; 1,649,828, A. Hund, 
Method of preparing piezo electric 
plates, D. C., S. D. Ohio (Dayton), Doc. 
E 358, Wired Radio, Inc., v. Radio Sta- 
tion WSMK, Inc.. Dismissed Sept. 28, 
1936. 

1,913,604, W. A. MacDonald, Wave 
signaling system, filed Aug. 27, 1936, 
D. C., N. D. Ill., E. Div., Doc. 15324, 
Hazeltine Corp. v. Zenith Radio Corp. 

1,573,374, P. A. Chamberlain; 1,707,- 
617, 1,795,214, E. W. Kellogg; 1,894; 
197, Rice & Kellogg; 1,728,879, same, 
filed Sept. 16, 1936, D. C. Calif. (San 
Francisco), Doc. E 4078 R, R. C. A. et 
al. v. L. D. Stark (Federal Radio & 
Television Co.). 

1,403,475, H. D. Arnold; 1,403,932, 
R. H. Wilson; 1,507,016, L. de Forest; 
1,507,017, same; 1,811,095, H. J. 
Round; Re. 18,579, Ballantine & Hull, 
filed Sept. 16, 1936, D. C., N. D. Calif. 
(San Francisco), Doc. E 4079 S, R. C. 
A. et al. v. L. D. Stark (Federal Radio 
& Television Co.). 

1,251,377, A. W. Hull; 1,297,188, I. 
Langmuir; 1,573,374, P. A. Chamber- 
lain; 1,728,879, Rice & Kellogg, D. C., 
S. D. Calif. (Los Angeles), Doc. E 
464 H, R. C. A. et al v. R. S. Shelley 
et al. Decree for plaintiffs Oct. 13, 
1936. 

1,403,475, H. D. Arnold; 1,403,932, 
R. H. Wilson; 1,507,016, L. de Forest; 
1,507,017, same; 1,618,017, F. Lowen- 
stein; 1,702,833, W. S. Lemmon; 1,811,- 
095, H. J. Round; Re. 18,579, Ballan- 
tine & Hull, D. C., S. D. Calif. (Los 
Angeles), Doc. E 470 H, R. C. A. et al. 
v. R. S. Shelley et al. Decree for plaint- 
iff Oct. 13, 1936. 

1,329,283, 1,398,665, H. D. Arnold; 
1,448,550, same; 1,520,994, same; 1,- 
349,252, same; 1,432,863, K. S. John- 
son; 1,442,439, R. C. Mathes, D. C., 
S. D. N. Y., Doc. E 50/175, Western 
Electric Co., Inc., et al. v. General Talk- 
ing Pictures Corp. Dismissed as to 
1,398,665, 1,432,863, 1,442,439 without 
prejudice Jan. 26, 1934. Dismissed as 
to 1,349,252 and 1,520,994. Decree for 
plaintiff (notice Oct. 28, 1936). 

1,507,016, L. de Forest, Radio sig- 
naling system; 1,507,017, same, Wire- 
less telegraph and telephone system, 
D. C., E. D. N. Y., Doc. E 7624, R. C. A. 
et al. v. F. A. Andrea et al. Decree 
for plaintiff Oct. 26, 1936. 
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1,129,942, H. D. Arnold, Gaseous re- 
peater in circuits of low impedance; 
1,403,475, same, Vacuum tube circuit; 
1,465,332, same, Vacuum tube ampli- 
fier, D. C., S. D. N. Y., Doc. E 50/178; 
Western Electric Co., Inc., et al. v. 
General Talking Pictures Corp. De- 
cree for plaintiff (notice Oct. 28, 1936). 

1,231,764 (a), F. Lowenstein; 1,426,- 
754, R. C. Mathes, D. C., S. D. N. Y., 
Doc. E 50/177, Western Electric Co., 
Inc., et al. v. General Talking Pictures 
Corp. Decree for plaintiff (notice Oct. 
28, 1936). 

1,231,764 (b), F. Lowenstein; 1,618,- 
017, same; 1,403,475, H. D. Arnold; 
1,465,332, same; 1,403,932, R. H. Wil- 
son; 1,573,374, P. A. Chamberlain; 1,- 
702,833, W. S. Lemmon; 1,811,095, H. 
J. Round; Re. 18,579, Ballantine & 
Hull, D. C., S. D. N. Y., Doc. E 78/125, 
R. C. A. et al. v. Bel -Rad Products Co., 
Inc., et al. Decree proconfesso for 
plaintiff (notice Oct. 31, 1936). 

Patent Suits 

1,829,899, H. N. James, Apparatus 
for the rectification and amplification 
of sound waves, filed Nov. 4, 1936, D. C., 
N. D. Ill., E. Div., Doc. 15,387, H. N. 
James et al. v. Jensen Radio Mfg. Co. 

1,573,374 (a), P. A. Chamberlain; 
1,707,617, 1,795,214, E. W. Kellogg; 
1,894,197, Rice & Kellogg; 1,728,879, 
same, filed Dec. 4, 1936, D. C., S. D. 
Calif. (Los Angeles), Doc. E 1065 -J, 
R.C. A. et al. v. B. S. Rothenstein 
(Pathe Radio & Television Co.). 

1,573,374 (b), P. A. Chamberlain; 
1,707,617, 1,795,214, E. W. Kellogg; 
1,894,197, Rice & Kellogg; 1,728,879, 
same; 2,052,316, R. E. Sagle, variable 
condenser; filed Dec. 8 1936, D. C., 
E. D. N. Y., Doc. E 8183, R. C. A. et al. 
v. Universal Tube Mfg. Corp. et al. 

1,403,475, H. D. Arnold; 1,403,932, 
R. H. Wilson; 1,507,016, L. de Forest; 
1,507,017, same; 1,618,017, F. Lowen- 
stein; 1,936,162, R. A. Heising; Re. 
18,579, Ballantine & Hull, filed Dec. 8, 
1936, D. C., E. D. N. Y., Doc. E 8182, 
R. C. A. et al. v. Universal Tube Mfg. 
Corp. et al. 

1,975,932, C. M. Fox, Sound- receiv- 
ing and transmitting system, filed Dec. 
5, 1936, D. C., N. D. Ohio, W. Div., Doc. 
E 1574, A. L. McAfee v. The Simplex 
Radio Co. et al. 

WILLOR MFG. CORP, 
72 Spring St. New York 

LAMINATIONS 
STANDARD TYPES 

-SPECIAL TYPES MADE TO ORDER 

METAL STAMPINGS -TOOLS -DIES 

STAMPINGS 

TYPE P.I 

5 WATT 

IActual 
1 Size 

POWER RESISTORS 
which assure high quality and 
accuracy at an economical price 
These units enjoy wide acceptance by motor manufacturers. motor Service 
men. the radio service field, amplifiers. etc., as well as by P. A. Equip- 
ment manufacturers, inexpensive meter manufacturers, etc. They can be 
depended on for accuracy within 2%. and assure high quality at low price. 
Available in 5 -10 and 20 -watt sizes with maximum resistances of 50.000, 
50.000 and 100,000 ohms respectively. Write for details and prices. 

CUSTOM -BUILT WIRE WOUND RESISTORS 

PRECISION RESISTOR CO., 334 Badger Ave., Newark, N. J. 

EMIL R. CAPITA 
designer of most of the 
High Frequency Convert- 
ers now used for Bombard- 
ing in the radio tube in- 

dustry, formed the 120 W. 20 St., New York City 
Watkins 9 -4454 

This corporation, comprised of a personnel with long experience in the high frequency 
field, is now efficiently set -up to supply you with HIGH FREQUENCY CONVERTERS for 
BOMBARDING all types of thermionic tube elements. 

Heater coils wound from fiat copper tubing Wafer cooled Litz cable 
Tungsten spark gaps Mica condensers, and other replacement parts for 

your present bombarding equipment. 

VELOCITY fELEC1'RO,VOICE 
MICROPHONES 

"V " SERIES "K" SERIES 
The all -feature microphone. Preferred 

by discerning Sound and Communica- 

tion engineers the World over. Three 

models from $35.00 to $75.00. list. 

ELECTRO -VOICE MFG. CO., INC. 

334 E. Colfax Ave.South Bend, Ind. 
Export Dept 100 Varick St., New York 

Genuine quality brought 
to the low -price field. 
Three models f r o m 
$19.50 to $29.50, list. 
Also a Static -Velocity 
model at $20.00, list. 

WRITE FOR 
CATALOGUE 

AND FURTHER 
DETAILS 

CARBON 

Five popular car- 
bon models priced 
from $5.00 to $25.00, 
list. Complete re- 
pair service on all 
makes. 
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RCA TEST EQUIPMENT 
.. at prices every service engineer can afford 

This new Test Equipment offers many new features. Designed 
by RCA engineers to make your job simpler, faster and more 
precisely efficient. Ideal for visual alignment, vibrator testing, 
checking modulation, distortion and all other general oscil- 
lographic applications. 

Check the features! Consider how helpful this equipment 
can be to you. Then get it and put it to work! 

FEATURES 
1 COMPLETE oscillograph using new RCA -913 Cathode 
Ray Tube -ready for every service application. 
2 High Sensitivity -1.75 volts (RMS) for full-scale deflection. 

3 Vertical and horizontal amplifiers- Individual gain con- 
trols -Flat 30- 10,000 cycles. 
4 Linear Timing Axis -Range 30- 10,000 cycles. 

5 Small spot diameter, sharp focus - Individual centering 
controls on front panel. 
6 Removable light shield -Excludes room light and gives in- 
tense image. Calibration screen provided. 
7 A -C operated -Input power, 50 watts. 
8 Ruggedly built- Snap -out leather handle -Symmetrical ap- 
pearance for use with new Test Oscillator. New two -tone gray, 
wrinkle finish with highly polished nickel silver etched panel. 

RCA SWEEP 
ST 
ELECTRONIC 

T 

PRCF 
NSCI( fgTRR 

STOCK 
ó4so 

NO. 150 

FEATURES 
1 Variable electronic sweep (no moving parts) -1 to 40 kcs. 
-at any R -F or I -F frequency -Sweep rate, 120 times per sec- 
ond- eliminates screen flicker -air trimmers for all bands. 
2 No 'amplitude modulation with frequency modulation. 
Horizontal sweep frequency linear across screen. 

3 Wide frequency range -90 kcs. to 32,000 kcs.- fundamen- 
tal frequencies -400 cycle internal modulation JACK FOR 
EXTERNAL MODULATION. 
4 Large direct reading dial -4 inches diameter -indirect il- 
lumination -two vernier ratios, 2:1 and 5:1. 

5 High r -f output -0.25 volts at all frequencies -negligible 
leakage - three -step attenuator plus contin- 
uously variable control. 

PTe POR PROFIT 
RCA Manufacturing Co., Inc., Camden, N. J. 

A Service of the Radio Corporation of America 
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RADIO MANUFACTURERS 
WHO USE 

CRESCENT 
CORD SETS 

WITH PARTS 

READY TO INSTALL! 

There is economy, convenience and safety in 
buying your cord sets already assembled, com- 
plete with switches, sockets, fittings, etc. 

CRESCENT COMPLETE CORD SETS are 
making big savings for Radio Manufacturers. 
We specialize in this work -Every set carefully 
tested and inspected - 100% perfect cords 
guaranteed. 

Address Department E 

CgESCENT 
INSULATED WIRE 

TRENTON. 

& CABLE CO. INC 

NEW JERSEY. 

AUTOMATIC 
ELECTRIC 

ELAYS 
A WIDE VARIETY OF TYPES 

FOR EVERY INDUSTRIAL USE 

The Automatic Electric line of relays includes quick 
and delayed action types, sensitive and heavy duty 
types, mechanical locking types, polarized relays, 
etc. Available for operation on D.C. or A.C. 
circuits, any voltage, any contact combination. 

Also stepping switches, electric counters, solenoids, 
keys and other electrical control accessories. Write 
for complete illustrated catalogs. 

American Automatic Electric Sales [ompany 

1023 WEST VAN BUREN STREET ... CHICAGO 
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Do You 
Have a 
roduc 

Manufacturers of radio and allied 
electrical equipment will take full 
cognizance of the important service 
BRAND is rendering in making ship- 
ments of TURBO Oil Tubing, Saturated 
Sleeving, Varnished Cambrics, Pa- 
pers, Tapes and Mica -in films, plate 
and micrometered punchings (pro- 
vided tools are available) -on the 
day orders are received -regardless 
of the size of order. 

This service is made possible be- 
cause of the ready and ample stocks 
of these materials BRAND carries 
always. 

Whatever your insulation problem 
may be, BRAND has the answer in 
one of the materials listed above - 
quality proven in service and by the 
foremost testing laboratories. 

The advice of BRAND consultants 
costs nothing and may be the means 
of saving considerable money for you. 

TURBO Oil Tubing 
and Saturated Sleev- 
ing is made in 30 
sizes -.020 to I -in. 
I.D. and in 12 stand- 
ard colors in some 
sizes. 

which requires regulation 
of the time, speed, pressure, 
temperature, etc., of some 
operation controlling a 
heater, valve, bell, motor, 
light, etc.? If so, remember 
DUNCO Relays are most 
reliable and durable. 
You will be interested in 
our catalog of Electrical 
Control Devices 
write for a copy. 

D U N C O Experience-Built 

Ror{ormartce-rièsted R E LAYS 
STRUTHERS DUNN, INC. 

DUNCO 

148 N. Juniper Street. Philadelphia, Pa. 

r r 

WM. BRAND AND COMPANY 
268 Fourth Avenue, New York, N. Y. 

In Chicago -217 N. Desplains Street. 

77 

on shipments of 
BRAND insulating 
materials 
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EV1OFASTS 

PRACTICAL 

SUGGESTIONS 

ON INSULATION 

FOR DESIGNERS 

AND 

ENGINEERS 

Since 1920 the 
BRAND organization 
has specialized in 
working with radio 
and electrical manu- 
facturers in arriving 
at the most economi- 
cal and positive an- 
swers to Inoblcros in- 
volving in;ulal ion. 



1114, MODULATION 
TRANSFORMERS 

V4. 
IHORDARSON 

WITH THE NEW FEATURE 

"PLUG - IN - TERMINAL BOARD" 
The only Modulation Transformer built with "Plug -in -Jack 
Terminal Board." Match any tube to any load instantly with 
simple plug and jack connection. A sensational departure 
from soldered terminals and connecting posts. New grace- 
ful space saving streamline case design. Absolute moisture 
and humidity proof construction throughout. Will safely 
withstand tropical climates. 

COMPARE THESE FEATURES 
1. "Plug in Jack Terminals" for input and output. 
2. Complete variable matching. 
3. New modernistic case design. 
4. Minimum space factor on chassis. 
5. Completely compound filled. 
6. Coils baked and double varnished. 
7. Moisture proof. 
8. Humidity proof. 
9. Moderate price. 

FURNISHED IN FOUR 
Connected 

Serles Parallel 
T -11M75 For up to 50 watts 
Max. Pri. M.A.D.C..... 100 200 
Max. Sec. M.A.D.C..... 80 160 

T -11M76 For up to 125 watts 
Max. Pri. M.A.D.C..... 210 420 
Max. Sec. M.A.D.C..... 160 320 

SIZES AS FOLLOWS 
Connected 

Series Parallel 
T -11M71 For up to 250 watts 
Max. Pri. M.A.D.C..... 250 500 
Max. Sec. M.A.D.C..... 250 500 

T -11M78 For up to 500 watts 
Max. Pri. M.A.D.C..... 320 640 
Max. Sec. M.A.D.C..... 320 640 

FREESend today for Bulletin SD -275 F R E E or see your parts distributor 

THORDARSON ELECTRIC MFG. CO. 
SOO W. HURON ST., CHICAGO, ILL. 

17 mand ' ' »ow¢r by hotclation . ' 
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MARKED IMPROVEMENTS 

MADE IN PERMANENT ANENT MAGNET 

TYPE DYNAMIC SPEAKERS 

New features Definitely 

Increase Efficiency and Utility 

ANEWLY designed magnet lends itself to better heat 
treatment, resulting in a more uniform magnetic 

structure. Result -long time efficiency. 

Twenty -two models available in all standard sizes from five 

to fourteen inches. Ideal wherever low drain is a factor. 
Perfect for multiple speaker installations. But we want 
YOU to try it. Prove to yourself that the New UTAH Per- 
manent Magnet Dynamic Speaker is just what you've been 
looking for. Mail the coupon. The obligation is ours. 

MAIL THIS COUPON TODAY 
If you'd like to send us a speaker, we'll test it! Type, model and sizes 

we are now using 

Name & Company 

Address 

Irr 

UTAH RADIO PRODUCTS CO. 
CHICAGO, U.S. A. 

TORONTO BUENOS AIRES 
ONTARIO, CANADA (UCOA RADIO PRODUCTS CO.) 

"15 YEARS Of LEADERSHIP" 
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A TRIAL WILL CONVINCE YOU 1 

10- 
35 Years' Experience 

E. 

Insures Dependability 
E 

We Manufacture E E. 

-41 

PERMANENT MAGNETS TOOLS and DIES 
METAL STAMPINGS LAMINATIONS 

Suppliers of 

ALNICO MAGNETS 

THOMAS & SKINNER 
STEEL PRODUCTS CO. 

23d St. at Alvord Indianapolis, Ind. 
nnnuuunnuununuonnnununnnuunuusuuuuuuusuuuuunu9uuuunununununuuuunonuununuuuouuuuuui 

YOU 
NEED 
THIS 
INSULATION BREAKDOWN TESTER 
Compact, complete. Not only indi- 
cates shorts, opens, or grounds, but 
actually provides for checking cir- 
cuit at approved standard testing 
voltages. Operates from any 115 volt, 
60 cycle primary circuit. Manually 
controlled tap switch for sec- 
ondary voltages from 500 to 
2500 volts. 

WRITE 
FOR FREE 

BULLETIN 140 

1447 HAatILTnN AVE.. CLEVELAND. OHIO 

s EAIWMLIGMT SECTION 
EMPLOYMENT : BUSINESS OPPORTUNITIES : 

VNDISPLAYED -RATE. PER WORD 
Positions Vacant and all other classifica- tions 10 cents a word, minimum charge 

12.00. 
Position Wanted, (full or part -time salaried 

employment only), the above rates, payable in advance. 
Proposals, 40 cents a line an insertion. 

INFORMATION: 
Box Numbers in care of our New York, 

Chicago or San Francisco offices count 
30 words additional in undisplayed ads. 
Replies forwarded without extra charge. 

Discount of 10% if full payment is made in 
advance for four consecutive insertions of 
undisplayed ads (not including proposals). 

EQUIPMENT -USED or RESALE 
DISPLAYED -RATE PER INCH 

1 inch $6.00 
2 to 3 inches 5.75 an inch 
4 to 7 inches 5.50 an inch 
Other spaces and contract rates on request. 
An advertising inch is measured vertically 

on one column, 3 columns -30 inches - 
to a page. 

COPY FOR NEW ADVERTISEMENTS RECEIVED UNTIL 1ST OF THE MONTH FOR THE ISSUE OUT THE SAME MONTH (Elect) 

EMPLOYMENT AGENCY 

DRAFTSMEN, Designers, Engineers, and 
many other technical positions now open in 

New York. Consult employment columns of 
the New York Herald Tribune, mornings and Sundays. Write for free booklet "Classes of Employment" handled by the better New 
York employment agencies. Address New 
York Herald Tribune, Dept. 23A, 230 West 
41st St.. New York City. 

POSITIONS WANTED 

WELDER DESIGNER, spot and arc welders, 
controls and allied equipment, desires con- 

nection responsible manufacturer active in 
electronics field. Will design and market 
profitable line of welding equipment suited for 
this field. Salary or percentage. PW -100, 
Electronics, 520 No. Michigan Ave., Chicago, 
Ill. 

LICENSED RADIO TELEPHONE OPERA- 
TOR, First Class, recent graduate in radio - 

television theory and operation. Three months 
endorsed service record at Government licensed 
experimental television and commercial sound 
broadcast stations; control room, remote pick- 
up, and transmitter experience. Desires oppor- 
tunity for service with progressing company. 
Frank A. Bundy, 163 So. Plymouth, Rochester, 
N. Y. 

WANTED 

ANYTHING within reason that is wanted in 
the field served by Electronics can be 

quickly located through bringing it to the 
attention of thousands of men whose interest 
is assured because this is the business paper 
they read. 

a 

wNN,NNNmoreNN,n 
serviceable. Meters repaired, made more serviceable. 

Conversion to higher sensitivity as high 
as 10 microamperes for Weston type I 
or 24 -57. 

Sensitive vacuum thermo couples 
For Sale used Weston panel meters, 
Rawson microammeters, Brown pyro- 
meters, 

Reasonable Prices 
Precision Electrical Instrument Co. 

561 Broadway. N. Y. C. 

ELECTRONICS - March 1937 

Used Lab. Equipment 
Weston -G.R. -LAN -G,E., Etc. 

Meters - Bridges - Torsion balances- Inductors - 
Decade boxes- Analytical balances- Oscillographs 
-Jagabi rheostats- Signal Generators- Condensers 

Write for my list 
LOUIS J. WINSLOW 

200 Pennsylvania Avenue Hillside. N. J. 

DEPENDABLE 
New and Used 

ELECTRONIC TUBE EQUIPMENT 
A complete line of equipment for the manufacture 
of Itadio Tubas, New Tubes, Incandescent Lampa, 
etc. 
Write for Bulletin showing savings from 25 to 75% 

EISLER ELECTRIC CORP. 
534 39th Street Union City. N. 1. 

HIGH GRADE NEW AND USED 

ELECTRON TUBE EQUIPMENT 
Huge Shook of Equipment of 

@very Type and Variety 
KAHLE ENGINEERING CORPORATION 
Specialists In Equipment and Methods for the 
Manufacture of Neon Tubes, Radio Tubes. Incan- 
descent Lamps, Photo Cells, X -ray Tubes. etc. 

941 DeMott St., North Bergen, N. J. 

WANTED 
N 

CASH WAITING 
We pay highest prices for your surplus 
laboratory equipment as meters, rheo- 
stats, bridges, decade boxes, etc. Submit 
your lists of what you have to offer. 

AMERICAN ELECTRICAL SALES CO. 
65 -67 E. 8th St. New York, N. Y. 

+4 

+ EXPERIENCE + 

Eleven years of it -is our assur- 
ance that we can recondition 
your transmitting tubes proper- 
ly and build in Long Life and 
Proper Characteristics, 

Aircooled Tubes 100 to 1000 
watts 

Watercooled 5 to 35 KW 

Satisfaction Guaranteed 

National Radio Tube Co., Inc. 
3420 18th St. San Francisco, Calif. 

COMPLETE EQUIPMENT 
New and Used for 

ELECTRONIC TUBE MAKING. 

LABORATORY, and SCHOOL UNITS 

Glass Cutters, Spot Welders, Annralers, Piare, 

Stem, Sealing, and Basing Machines, 

Vacuum Pumps, Burners 

ELECTRONICS MACHINE CO. 
751 11th Street, Newark, N. J. 
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High 
FIDELITY 

is the trend 

ÁR43- $75.00 

When Brush mi- 

crophones are rated 

as being flat in re- 

sponse, for a given 

frequency range, 

they ARE FLAT- BR25- $37:50 
No mechanical or electrical compensa- 

tion is necessary. 

Brush sound cell 

construction is a 

"natural" for high 

fidelity. Faithful re- 

sponse over a wide 

frequency range is 

an inherent feature. 

B1-$32.50 

These facts have 

been realized and 

hundreds of sound 

cell mikes are be- 

ing used for sound 

level analysis and 

calibration purposes -Plus the thousands 

in "P. A." and broadcast applications. 

Technical Data on request 

The BRUSH 
Development Co. 
3316 Perkins Ave. 
Cleveland, Ohio 
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HERE IT IS 
AT LAST! 

THE NEW PRESTO 
ACETATE 

CUTTING HEAD 

PR ESTO 
NEW YORKU.SA 

MECHANICALLY MATCHED 

to the PRESTO 
GREEN SEAL DISC 
WITH THIS NEW CUTTER you can re- 
cord the highest sound level possible on 
a lateral cut disc ... equal to any com- 
mercial transcription. You Can Make 
33 1/3 RPM instantaneous recordings that 
give a flat response from 50 to 6000 cy- 
cles. The new PRESTO cutter has a 
rising characteristic from 4500 to 6000 
cycles to compensate for all losses normal 
to 331/3 RPM recording. 

Write for prices and complete technical 
description 

TECHNICAL FEATURES 
1. Designed especially for cutting acetate 
coated discs. 2. The armature moves on 
a hardened and ground knife edge bear- 
ing. 3. The armature is centered by ac- 
curately calibrated springs which are 
readily adjustable . no rubber to age 
or deteriorate. 4. Records maximum 
sound level with an input of plus 16 db 
(Ref. .006 W) 5. Useful frequency re- 
sponse 50 to 8000 cycles. 6. Interchange- 
able with old style head on any PRESTO 
recorder. 7. Available in any impedance 
up to 600 ohms. 

WORLD'S LARGEST MANUFACTURER OF 
INSTANTANEOUS RECORDING EQUIPMENT 

PRESTO 
RECORDING CORPORATION 

143 West 1 9th Street, New York, N.Y. 
Export Division (Except Australia and Canada): 

M. SIMONS & SONS, INC. 
25 Warren Street, N. Y.- Cable: Simontrice, NY. 

Australia and New Zealand Agents and Stockists: 
A. M. CLUBS & CO.. LTD. 

45 King Street. Sydney, N. S. W., Australia 
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Fancy meeting you here 

y° eicredLa 

"Iwonderwhett 
Fabricating ik! 

better by weldme 

-See Mallory for resistance 

electrodes and advice. 
we rued + a 

Contact contact 
gineerin9 " 

-SeSee specialist and 
e 
engineer- 

ing 

the 

assistance (Mallory om hacrved he 

electrical industry form W 
- Pensas ARel probe tick the e 

must get the right metal 
and 

p oble Mallory for non -ferrous alloys. 

"Wherecanwe, 
Rgetthe ht,ti° ' 

Disc Rectifieur 
get the 

`Mallory for Dry 

and engineering assistance. andDC. 

Condensers -fer Mallory 
for AC 

Switches-aSee 
Mallory 

ve r Selector, 
Cir- 

cuit, eehetop 
See 

Mallon, for Variable 

Rese ors. 
See Mao 

Vibrotoss -- See 

l 
IF a Lionel toy train meets a Burlington 

"Zephyr" they can talk about Mallory ! 

Mallory resistance welding tips put 9,000,000 welds 
on the "Zephyr" and a Mallory Rectifier put the 
whistle on the Lionel. It is a graphic picture in contrasts 
of the industries and operations to which Mallory en- 
gineering and Mallory products make contributions. 

IF ultimate consumers could look into and behind 
many products in daily use, they would say of 

Mallory, "Fancy meeting you here ", a dozen times a day. 

Three out of every four auto radios are equipped with 
Mallory Vibrators. Electrical contact points in most 
automobiles are made by Mallory. The tips for resis- 
tance welding of automobile bodies and chassis, trains 
and coffins and hundreds of metal products are supplied 
by Mallory. Switches, condensers and volume controls 
used in all -wave radio sets and in other industries are 
Mallory products. 

NATURALLY, Mallory's list of customers include 
well -known names in many industries - the 

motor car manufacturers, the radio builders, the 
railway and airway suppliers, the companies pro- 
ducing electrical products and appliances. 

Whv 
prob in 

er 
`try 

atele 

oo 
probably 1Mallory has 
the anepm 

er the 

and the en- 

éolveerit 
to 

The purpose of this advertisement is to add to that list - to make what we have to offer so clear, that you 
will think of us when definite problems confront you. 
To that end, we have noted a sample list of production 
situations - situations in which we can be of help. 

P. R. MALLORY & CO., INC., INDIANAPOLIS, INDIANA 
Cable Address - PELMALLO 

ELECTRONICS - March 1937 
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MICROAMMETERS 

MILLIVOLTMETERS 

Gone is all need for leveling the instrument 
when measuring minute currents. The WESTON 
Model 622 series of ultra -sensitive instruments - 
being of the double- pivoted type -are used sim- 
ply in the normal horizontal position, without 
leveling. The instruments in this series include 
DC and AC Thermocouple types, and are avail- 
able in ranges and sensitivities or ordinary field 
and laboratory work, as well as for service 
demanding ultra -sensitivity; such as circuits 
involving thermocouples, pyrometers, electron 
tubers, etc. The cases are Bakelite, of modern de- 
sign; and the large scale opening and increased 

length of the hand -calibrated mirror scale sim- 
plifies accurate reading. The instruments in 
ranges from 20 microamperes up are electrostati- 
cally and magnetically shielded. Lower ranges, 
down to 5 microamperes, are electrostatically 
shielded. 

Other features of the Model 622 series, such 
as the convenient switching arrangements, the 
simplicity of connections, and quick replacement 
of thermocouples, merit your immediate investi- 
gation. Bulletins are freely offered . . Weston 
Electrical Instrument Corporation, 578 Freling- 
huysen Avenue, Newark, New Jersey. 

WE S TON Ins/rumeiji, 


